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INTRODUCTION. 

In man, and, as it would appear, in all warm-blooded animals also, 
1 k rapid and sufficiently copious loss of blood will give rise to general 
convulsions. Even those not in the profession must long ago have 
become acquainted with this when watching animals in the slai^hter- 
house during death by stabbing of the heart or vessels of the neck. 
It is well known that such is the fact in fowls, sheep, and swine, 
and Kohl informs us that it obtains also in the whale. 

Hippocrates ^ taught that convulsions might arise as well from ful- 
ness as from want of blood. Kellie ^ made experiments with sheep and 
dogs, Piorry* did the same with dogs, and both frequently noticed 
convulsions after a profuse abstraction of blood ; we have also our- 
selves observed, without a single exception, in many cases of dogs, 
cats, and rabbits,* the occurrence of violent and general convulsions 

' MarahaU Hall, ' On Bloodletting.' 

* 'Arcbiyes ginfirales de MtdnciDe,' January, 1826. 
Frogs, from which we eslrncted the heart, died after breatbbg for upwards 
of an hour, at first mating frequent lively moliona, then gradually baooming 
weaker; but we could disooTcr no signs of convulsions. 



1^ * Frogs 

I^H of an hoii 
^^H weaker; 
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during death from loss of blood. Most of the best hand-books on 
pathology and forensic medicine also assert that great loss of blood 
in men frequently brings on convulsions^ and that death during such 
convulsions often takes place after it.* 

More attention lias unquestionably been paid by English physi- 
cians than by others to the subject of convulsions arising from loss 
of blood. The frightful vampyrism prevalent in the British islands 
may have afforded them greater opportunities of observing such dan- 
g(*rous consequences than would be presented elsewhere. Wardrop 
is of opinion that frequently in inflammations as much as from thirty 
to fifty ounces may be drawn in the first venesection, and that 
somrtimos even from loo to :200 ounces may be taken away; and 
Mar^4Iulll Hall, from whose work on bloodletting this statement is 
nm(l(% mentions many cases from the practice of himself and others 
in which from loo to 120 ounces of blood were taken away in a 
whort »j)acc of timo. It is, therefore, no wonder that we have received 
from ^ln^huld tho first explanations of the hydrencephaloid disease 
ariHiiig from exhaustion, as well as more accurate notions on con- 
vulNioHH after great losses of blood; and as Marshall Hall, that inde- 
fatigal)lo investigator of the physiolog}' and pathology of thenervons 
HyHt(>ni| \\M guinod very great renown from his elucidations of the 
ihoor^Y of bloodletting generally, so has he been the first to 
rhanu'toriiir thehjdrt^nceplvaloid disease and to examine more closely 
tlmii any onn before him into tlie nature of convulsions arising from 
hnMuorrhagt^ 

'riuH uHMiniplinhed physician, in Ixis celebrated w*ork above referred 
to, rrmarkH, that oonvulsious. next to swooning, are the most usual 
uimI inniKMliato elTrctM of grtMit U>8ses of bUx)d. If they come on 
nhvr vrurHi^Hion, tho presumption is that tho quantity taken away 
hiui (kmmi t(H> lurgv. In his own pnvctitv, as well as in that of others, 
rK«MmKiv(t bliHHliugM ottvu (H*ct^ioued auivulsions, which endangered 
tho |m(iout»' livoM, 'IVavorH* even mentions (according to Marshall 
Hull) ail idiiMt^uoruMV avoriio to K>hs of bliKHl, which manifests itself 
b,V a gn*ut dinptwiitiou U\ «HmvnUion», Many jmtionts were so utterly 
nurthlo to b«^r nbHtmrtit>h of KKhM timt thoy siwn fell into con- 

^ If Kn^iuorrlii^t Uki^ |»Ut»<) hU^wI^Yi m\\\ iho vital |H)wer« are gOKiaaUj con- 
nuiutHl, \\v^\\\ HitjHiirii thru to riiiiu<t with »wiKmi»|;, dn)w»in«M, delirium, and 
VRHCular irritation, without oonvuUitmii. (\vm)tar<i M. IUir» experimeDta on 
ckifT*! 9iX\\\ thit imw(tn»u» vMmvk\ ohi^^rvlltioHa puhli«h(Hl b^ him. 

« * On Coatiitutioual Irritation/ \\. 6U 
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Tulaiona, wliilst the circulation became ao feeble that they were 
often obliged to have stimulants employed for many hours before they 
recovered. A ciergyraan, from whom 20 ounces of blood were 
taken, had fita which came on at intervals and resembled most 
violent puerperal convulsions. It was only by the continual admi- 
nistration of stimnlanta for a wjiole day that danger was averted. 
Operations in which loss of blood was unavoidable were often followed 
by a disposition to convulsions, by which cliildren in particular fre- 
quently die<l. Marshall Hall knew a case of a child dying of con- 
Ttdsions the day after the removal of an ordinary-sized ntevus from 
the head, without any subsequent liiemorrhage. Travera had pointed 
out prior to Marshall Hall the similarity between convulsions after 
loss of blood and those of eclampsia. As far as we know, however, the 
btter gentleman was the first to lay a decided stress on their correspon- 
dence with epileptic allaek» in general, and to deduce friara it some 
important practical inferences. He distinguished a special kind of 
pnerperal convulsions, arising from loss of blood, which are not to 
■be confounded with those springing from other causes; and be 
describes the same cause as producing eclampsia infantum. Lastly, 
'lie endeavours to ascertain tke aeat of these convuUions, and in doing 
BO very closely approaches the question as to the central cause of 
epilepsy, thus demonstrating the great importance of the subject. 
If by means of experiment we succeed iu detecting the seat of 
^ileptic convulsions from hsemorrhage, the problem seems solved 
.as to the part to which in general the origin of epilepsy ia to be re- 
ifcrred. Marshall Hall has not always, however, been of the same 
opinion as to the seat of convulsions after htemorrhage. In Iiia work on 
Woodlettiug be considers it to be the brain, though he makes no 
attempt to prove his assertion. In his later work, on ' Diseases of 
Nervous System,' he transfers it to the spinal cord, and endea- 
j»onr8 to support this hypothesis by facts. His arguments are, however, 
iliy no means convincing or irrefutable, as a closer investigation will 
!diow. His proofs are ; 

I. The result of one of his own experiments. 

n. That of an experiment by Sir A. Cooper. 

in. The result of certain physiological experiments which led 
him to assume the so-called excitable cereiral-provinces. 

I. Butchers, when killing sheep, generally divide the large blood- 
vessels of the neck, and the animal dies convulsed, 

Marshall Hall had the spinal cord divided first and then the blood- 
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(seb, "Thereupon strong convulsions ensued, a reault which 
could alone depend upon the bloodless coudition of the spinal cord, 
Bince the action of the hrain was entirely removed." This experi- 
ment is related with such laconic brevity that it is impossible to say 
whether M. Hall was justified in drawing such conclusions. Who 
divided the spinal cord ? Was the carrying out of such a difficult 
operation intrusted to the butcher ? Which part of the cord was 
divided, and how long a time elapsed between its division and that of 
the blood-vessels ? All these questions ought most certainly to 
have been answered. We shall, further on iu this treatise, describe 
numerous experiments entirely contradicting that of M. Hall, and 
trust to demonstrate that an oversight must have occurred in some 
part of his. 

n. Sir A. Cooper ' tied the carotids of a rabbit, which operation 
accelerated the breathing and movements of the heart, but had no 
other effect. He compressed the vertebrai arteries with his thumb 
for five minutes, leaving the trachea freely open. Respiration 
ceased almost instantly, convulsions came on, the animal lost con- 
sciouimess, and to all appearance was dead. On discontinuing the 
compression, it drew a spasmodic inspiration and rerived. It 
then lay on one side, making strong convulsive movements, breath- 
ing with difficulty, and its heart beating rapidly. After two hours 
it recovered, but its breathing still remained difiicult. Thia 
compression was repeated five times with the same effect. From 
this experiment Marshall Hall would conclude that a diminution of 
blood iM (Ae medul/a oblongata, which he reckons as belonging to the 
spinal cord, produces convulsions. Even if Sir A. Cooper's experi- 
ment were faultless, this conclusion could not be justified, for, when 
both carotids and vertebral arteries are tied or compressed, not only 
is the blood withheld from the medulla oblongata, but from the 
entire brain, Marshall Hall was oidy entitled to draw his conclusion 
on condition that he first proved the occurrence of convulsions upon 
tying the vertebral arteries alone ; which, however, is not the case. 
Sir A. Cooper also mentions in the same place, that in another 
rabbit, whose vertebral arteries had been tied, convulsions only took 
place after a ligature liad been applied to the carotids as well ; this 
appears to have been overlooked by M. Hall. We ourselves, in 
more than twenty rabbits, tied both subclavians close to their respec- 

' " Some Esperiments and Obsftrvations on Tjing the Carotid and Vertebral 
Arterim," in 'Guj'b Hospital Reports,' vol. i, p. 465. London, 1S36. 
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tive origins without obsemng any convulsions. The fust-men- 
tioned experiment of Sir A. Cooper was not, however, a fair on 
I for it is impossible to compress the vertebral arteries of the rabbf, 
with the thumb, without at the same time including in the pressure 
some important parts adjoining, such as the pnenmogastric, sympa- 
thetic, or phrenic nerves, the jugular veins, &c. In a later 
treatise' Marshall Hall considered it as unquestionable that Sir 
. Cooper did not compress (as the latter conjectured and the 
former at first took for granted) the vertebral arteries, but the 
jugular and vertebral veins. 

m. Physiological experience teaches that injuries done to the 
I brain produce only paralysis, whereas lesions of the medulla oblongala 
and spinal cord, in proportion to their severity, result in convulsions or 
paralysis. Marshal! Hall includes under the term "medulla oblongata" 
all those part^ of the brain designated " excitable " — a title given to 
them by noureus — the irritation of which, whether mechanical, gal- 
vanic, or chemical, is followed by convulsions or cries of distress. 
Without wishing to contest this great extension of the spinal cord 
up to the thalauii optici, a supposition ultimately connected witii 
Marshall Hall's theory on the excito-motor nervous system, still 
we must observe that the effects of mechanical, chemical, or galvanic 
irritation cannot be decisive where we probably have to do with 
another kind of influence of a purely nutritive character. If inter- 
ruptions in the course of the nerve-tubes within and before the 
thalami optici cause paralysis, a source of power must necessarily 
exist above the point of such interruption capable of producing 
motion, and, as is well known, there is good ground for supposing 
that the moving principle of the soul is that source. If, then, the 
conjecture be allowed that every motor impetus of tlie soul is trans- 
ferred to the proper motor tubes and muscles by the material altera- 
tions of the difl'erent nerves of the cerebrum, the possibility cannot 
be denied that by certain physical influences the cerebrum might be 
excited in such a way as to cause movements and even general con- 
vukions. At all events, until definite experimental results have 
proved the supposition to be erroneous, it cannot be disputed that 
an influence upon the action of the brain, so peculiar as a rapid 

I abstraction of blood must be, will produce an exciting efl'ect upon 

^^^ those parts of the cerebrum which effectuate motion. We think we 



^ 



" Synopsis of the class of Paroiysmftl Diaeoses of tlie Nerroua Centres, 
J861, p, 43, in ' Memoirs on tbe Nerrtms System,' 
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have now sufficiently shown that the assumption that the spinal cord 
is the starting-point of convulsions after hsemorrhage is by no means 
so fully established by Marshall Hallos reasoning as physiologists, 
especiidly in England^^ are disposed to believe. The question as to 
where this starting-point is must be much further considered and sub- 
jected to a more rigid examination. In our subsequent pages we 
shall communicate the results of numerous inquiries on the subject. 
The question that first caUs for an answer is, whether convulsions 
proc^ from a certain limited tract in the cerebro-spinal axis, or 
whether all its sources of psychical, automatic, and reflex movements 
are in action at the same time. Whether, in fact, as there exists a 
" sensorium oommune,'' where all the bod/s sensations are com- 
municated to the consciousness, and a *' nodus vitee " for the respira- 
tory movements, so also there may not be a '^centrum motorium 
commune,^' a ^' nodus epilepticus,'' from which during hemorrhage 
the convulsions of all the variously affected groups of muscles proceed. 
We have, in the second place, sought to point out the seat of epi- 
leptic fits generally, and in conclusion have ventured to make some 
observations on the nature of those alterations of the brain by 
which epilepsy is produced. 

We cherish the hope that we may have succeeded in essentially 
advancing the theory of epilepsy, and that abler men will soon exa- 
mine, confirm, and extend our labours. 

^ Compare, for example, Pereira, ' The Elements of Materia Medica,' 3d 
edition, vol. ii, part ii, p. 1797. 



I AN INTERRUPTION IN THE CONVEYANCE OF ARTEHIAL BI-OOD 
TO THE HEAD OF A RABBIT PRODUCES EPILEPTIC FITS AS 
SURELY AS HEMORRHAGE DOES. 
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MoKK than twenty rabbits, wbich we either killed inteutionally by 
rapid bleeding, or which expired while being experimented upon, 
died under general convulsions like those observed in epilepsy, and 
which we shall afterwards more fuUy describe. Not one of those 
which we saw die from bleeding was exempt from convulsions. 
These convulsions did not differ in auy respect from those we observed 
in several dogs and cats that died from bleeding, or &om those de- 
wribed as occurring in men dying from hcemorrhage. 

No difference, moreover, could be discerned between the 6ta 
observed in death from bleeding and those which occurred in about 
too rabbits whose carotid and subclavian arteries were tied or com- 
pressed (by an appropriately fine instrument) below the origin of the 
Tertebral art«ries. 

Lastly, we became convinced, by observation of more than a dozen 
rabbits, that the fits produced by compression'of the above-mentioned 
Brteriea resembled in every way those brought on accidentally or 
intentionally in the identical animals by profuse hiemorrhage after 
circulation had been restored to the head. 

We have seen epileptic convulsions take place without any excep- 
tion after compression of the arteries of the head in both male and 
female auimals, in those three to four weeks old as well as in others 
of as many years, in both albinos and coloured, provided only that 
the animal j) were of fair health and strength. 

The rule, that a rapid death hy bleeding, or the ligature of the 
great arterial trunkg of the neck, produces epileptic convuhione, ii 
Jailed in the ease of very weak ralibitM and in incA an have been tubject 
to the influence if ether. 
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A very old, lean, and extremely weak rabbit, after the above-named 
arteries had been tied, feU into a swoon and expired in a few minutes, 
without convulsions. In all our numerous experiments in tying 
the blood-vessels of the neck, this was the only rabbit subjected to a 
directly debilitating influence on the nervous system, and not undo: 
the influence of ether, that we saw die without convulsions. 

Babbits, when thoroughly stupified by ether, cease, as we have often 
observed, to be liable to convulsions during death from haemorrhage 
or when the arteries of the neck are compressed; but, on re- 
covering from their stupor, they again become so. 

We only noticed one healthy and strong rabbit, which, in spite of 
the arteries of its neck having been tied, although falling into a 
state of great debility resembling a swoon, did not after ten minutes 
exhibit symptoms of convulsions, whilst yet it had not been subjected 
to the influence of ether, nor its brain or spinal cord acted upon in 
any other way. This animal also died in convulsions when we 
opened the aorta. We suspected in this exceptional case that the 
brain received in some unusual manner just sufficient blood to pre- 
vent the approach of convulsions. Sometimes small vessels in the 
nape are observed to go off directly from the arch of the aorta, and pos- 
sibly in the example last referred to some blood reached the brain in 
this way or through unusually large anastomoses of the inter- 
costal with the vertebral arteries. 

We found in every instance that the closing of all the four 
arteries was necessary to produce rapid convulsions. If but one 
carotid or one subclavian artery has remained pervious, we have 
never seen convulsions take place, even when the ligature has 
remained on the other three for several hours; the animals, 
however, have generally appeared enfeebled, and more or less 
paralysed. 

It appears, therefore, probable that the convulsions that take 
place upon the closing of the great arteries of the neck proceed from 
the brain and are produced by its bloodless condition. The further 
progress of our investigations will raise this conjecture into a certainty. 
Before however, advancing any arguments we may be allowed — 

1. To make some preliminary observations on the mode of 
seeking for the great arteries of the neck in the rabbit, and the 
method of tying them. 

2. To describe with precision the convulsive fits, and to point 
out their resemblance to those of epilepsy. 
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3. To describe the attacks under whieh death takes place after 
&e ligature, and the sj-mptoms following restoration of the circu- 

tion. 

4. Lastly, to show the probability that the rule holds good in 
human beings as well as in warm-blooded animals generally, that a 
sudden interruption in the supply of blood to the head causes epi- 
leptic convulsions. 

We will conclude this ehapter with a few remarks upon the 
experimental fact before stated, that etherization carried to a 
great extent prevents the liabilitj of animals to convulsions after 
hEmorrbage. The administration of ether to patients who have to 
undergo an operation «ill, under certain circumstances, expose 
them to the danger of death from hfemorrhagej without any warning 
having been given by the occurrence either of dizziness, swooning, 
or the yet more serious symptom of convulsions. This is a fact of 
the greatest importance as regards aiiiemic persons or those who do not 
generally bear htemorrhage well, and consequently are easily brought 
into danger thereby. 

There are good grounds for the conjecture that many who are 
sapposed to have died from chloroform on the ope ration- table did 
not die from being poisoned, but from excessive loss of blood. As 
to the treatment of epileptic attacks with ether, it seems established 
that inhaling ether or chloroform during the first approaches of an 
attack may prevent an outbreak of convulsions. This does not, 
however, prove that the morbid state of the brain originating the 
attack is removed, since, for example, in our own experiments the 
ftnecmic state of the brain continued in spite of the administration 
of ether, and the condition was only concealed, not removed. Such a 
method of cure we consider in a general way to be injurious, 
and even dangerous, inasmuch as a certain degree of asphyxia 
accompanies every epileptic fit, acting injuriously upon the nutrition 
of the brain, upon which also etherization acts very prejudiciaUy. 
At the end of our treatise we shall demonstrate the probability that 
one and the same influence is the cause of numerous forma of 
q)ilep3y, namely, sudden inlerrupiion of the nutritive supply to the 
brain. 

It stands to reason, then, that everything should be scrupulously 
Kvoided that assimilates the arterial blood to the condition of venous, 
wd thereby deprives it of the capability of duly nourishing the 
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brain. We do not, however, deny the value of etherization in cer- 
tain cases. By diminishing excessive irritability in some parts of 
the nervous system it may sometimes arrest the attacks at their 
source ; we only doubt its usefulness when it is expected to act on 
that central focus, the brain, and should, under such circumstances, 
be afraid of paralysis of the medulla oblongata. 



CHAPTER ni. 



I ROME OBSERVATIONS ON FINDINO AND TYING THE GREAT 
ARTERIES OE THE NECK IN THE RABBIT. 
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We made some slight deviations from the procednre of which one 
of us published au account in the 'Verhandl. der phvs. medicin. 
Gesellschaft in Wiirzburg,' 1855, vol. vi, part i. After cutting 
through the skin and muscles, and breaking and removing the 
jraperior part of the at«niuiJi as there described, we divided, by the 
aid of forceps and knife, Ihe fascia and sarrounding fat (which 
in well-fed animals cover the great arteries), together with their 
sheaths. After this we laid the knife entirely aside, and made use 
of two hue pairs of forceps. We carefully separated the small 
fatty lamps from both aides of the innominate trunk, and dividing 
the cellular tissue surrounding it, passed under the vessel thus 
laid hare a strong silken thread, by means of a small ligature- 
hook specially made for the purpose. The nse of the forceps instead 
of the knife considerably abridges the operation, and protects 
the pleura from bleeding and injuries. Au assistant then draws the 
imiominate a little to the right and forward, whilst the operator 
dissects with the two pairs of forceps close to the left edge of the 
innominate and of the left carotid, and removes or pushes away the 
&t on either side, dividing the cellular tissue and gradually penetrating 
deeper towards the arch of the aorta. When the left subclavian 
appears, it is likewise kid bare and surrounded by a ligature, or 
immediately tied. Accidents, such as hasmorrhagcs, lesions of the 
pleune, pericardium, thoracic duct, or the left sympathetic nerve, 
very rarely occurred, owing to the great facility we had from practice 
acquired in tliis operation; and we generally accomplished the whole 
in from ten to fifteen miuutcs, seldom requiring more than from 
twenty to thirty. For compressing the blood-vessels we used the 
small polished forceps described in our treatise ' On the Influence of 
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the Flow of Arterial Blood upon the Temperature of the Ear of the 
Babbit/ • 

In more than eighty rabbits the right subclavian and both carotids 
commenced in a common innominate artery^ the length of which 
considerably varied, and sometimes appeared reduced to nothing, 
while the left subclavian commenced independently from the arch of 
the aorta. In two animals the right subclavian did not arise from 
the innominate, but to its left side, near the left subclavian, and 
passed to the right side behind the oesophagus. The comparative 
sizes of the innominate, carotids, subclavian and vertebral arteries, 
varied considerably in difiTerent animals. 

^ Moleschoti's ' Unterauchungen zar Naturlehre des Menschen und der 
Thiere,' vol. i, p. 104. 



CHAPTER IV. 

' DESCRIPTION OF CONVULSIVE PAROXYSMS OCCURRING IN 
THE RABBIT AFTER LIGATURE OF THE GREAT ARTERIES 
OF THE NECK. AND PROOF OF THEIR CORRESPONDENCE 
WITH EFILEPTICAL ATTACKS. 

GENERA.L convulsions usually followed in from eight to eighteen 
Kconds after complete withdrawal of arterial blood. We killed six 
rabbita solely for the purpose of detexmining in what space of time 
convulsions would come on. After the arteries had been laid bare, 
and the ligatures had been passed round, we allowed the animals to 
rest undistorbed in on erect position for a quarter of an hour, 
without making any experimeuta by compression. One of us then, 
MS quickly as possible, tied the left subclov-ian and innominate arteries, 
while another, watch in hand, observed the time when the symptoms 
first manifested themselves. In a very strong male rabbit, two years 
<Jd, general convulsions came on three seconds after the innominate 
liad been tied ; and this is the shortest period that we have noticed 
m any. In two female white rabbits, four weeks old, the convulsions 
•ppeared after an interval of twelve seconds; in a female gray 
rabbit, two or three years old, in ten seconds ; in a male of the same 
age, in sixteen seconds ; and in an old strong female, from four to 
five years old, in forty-five seconds. None of these animals lost 
during the operations any considerable quantity of blood. 

Out of a hundred strong rabbits we met with four only in which, 
after perfect closure of the above-named vessels, conviJsions did not 
^ipear till after four to six minutes, and one only, as already men- 
tioned, in which they did not appear at all after the lapse of ten 
minutes and until the aorta had been opened. The extremities of 
these five animals became speedily paralysed after the operation, so 
that they were unable to remain any longer on their legs, but fell on 
Hie table as though in a swoon. 
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The occurrence of convulsions is, without exception, preceded by 
many different movements, most of which have been more fully 
described in Kussmaul's above-mentioned treatise.' We will here 
only briefly allude to some of them : — 

1. Immediately after stoppage of the blood the various sphincter 
muscles of the face contract, especially, and in a very striking manner, 
those of the iris and eyelids ; then, in the order of their distinct- 
ness, the conchae of the ears, the nostrils, and the mouth. The 
jaws, wliich are generally already closed, become spasmodically 
locked. Then, usually a little before but sometimes simultaneously 
upon the occurrence of general convulsions, the pupils, and the 
fissures of the eyelids, ears, and nostrils are widened, sometimes 
the mouth also very distinctly. The adductors of the under jaw seem 
also for a few moments to become paralysed, but during the attack 
the jaw becomes locked, either uninterruptedly or in broken succes- 
sion, by the alternate occurrence of spasmodic and more feeble 
abductions and stronger adductuma. 

2. Convulsive efforts are almost invariably made to turn the 
pupils towards the internal angles of the eyes ; after which, the eye- 
balls generally roll about, first inwards, forwards and downwards, • 
then outwards, backwards and upwards, until at length the pupils are 
turned towards the external angles of the eyes, and are wholly or 
partially concealed by the upper eyelids. 

3. Tlie eyeballs are first drawn back into the sockets, and again 
become prominent as the pupils dilate. 

4. Respiration is at first accelerated, but shortly afterwards, a 
little while before the approach of general convulsions, it becomes 
prolonged and deep. 

5. The muscles of the neck generally become paralysed and unable 
to bear the weight of the head, which sinks down upon the breast or 
side, the animals afterwards falling down in a swoon on their fore 
feet, occasionally on their hind ones. These symptoms of paralysis 
are the more distinct and constant the greater the time that elapses 
before general convulsions come on. 

The signal for general convulsions is given by a tonic contraction 
of the muscles of the neck. Then commences a terrible scene, the 
more surprising by contrast if preceded by swooning. The head is 
drawn violently backwards ; the pupil becomes uncommonly enlarged; 

» Vide » Zeitschrift des Wuraburg. Phys. Med. Vereins.* 
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I violent lock-jaw ensues ; and the animal, if strong, is generally 
I flntig forwards with great force, to a distance even of from one 
I to two feet, and sometimes over the shoulders of the observer 
V Kcated before it. The legs are alternately contracted and extended, by 
I clonic convulsions, in the most violent way ; the enlarged pupil 
i Appears again &.\ed in the centre of the pali>ebra! iissure, as the 
I «yeball is again rolled somewhat inwar<ls ; respiration is scarcely 
I to be perceived, wliile the heart continues throbbing very vigorously, 
I^B clonic con\-ul3ions gradually subside, assuming more the 
liqipewance of tetanus, and eventually disappear altogether, passing 
I- »way Bs they do so from the front to the back. First the muscles of 
r the neck and fore legs become paralysed, wliilst the back part of the 
r body is bent backwards and the hind legs are tetaiiically extended, 
I wntO these movements also cease. The duration of these attacks 
88, aocording to several observations, from eighteen seconds to two 
[ minntes. 

Very frequently, after a pause of from fifteen to seventy-five 
r teconds, a second attack comes ou, always weaker and shorter than 
I the first, and often limited to the hinder part of the body in the form 
I of tetanie convulsions ; sometimes, however, affecting the whole 
f body, under the form of clonic convidsions. We once observed 
Hucli a second attack to last, in an exceptional case, two minutes. 
Sometimes, indeed, convulsions, in which the hind legs become 
tetanically stretched, recur even for a third and fourth time, at 
intervals of from fifteen to thirty seconds. They returned in the 
strongest and most regular manner in those animals whose arteries 
were tied forthwith, and whose strength had not been previously ex- 
hausted by experiments of compression. Towards the end of the 
attacks urine and fieces were sometimes voided; at other times no 
f Buch voiding took place, even when the bladder was foil. 

In rabbits, cats, and dogs, dying from hcemorrhage, the couvul- 
[ Bons are of exactly the same character. 

These convulsions present precisely similar features to those of 
epilepsy in their complete form, as the following enumeration of the 
most important symptoms will show : 

1. The animals fall down before general convulsions come on, 
and completely lose the spontaneous use of their muscles. 

a. They give the observer the impression of their being per- 
fectly unconscious. 

3. Not one of the many animals operated upon, cried out, so 
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long as the circulation was interrupted ; either before or during the 
spasmodic attack, and two only whilst the latter was abating. Sub- 
sequently, however, they b^an to cry piteously, directly arterial 
blood began to flow again, or, at all events, soon afterwards. From 
the want of power to cry, and from the gradual swelling of the veins 
of the brain during the attack, to which we shall direct attention 
further on, we infer that spasm of the glottis (laryngismus) took 
place. 

4. The pupils are dilated during the attacks, and, to judge from 
several experiments, appear rigid, the eyeballs being motionless. 
Before and subsequent to the attacks, however, and when at the 
very last gasp, the pupils being at the same time very much enlarged, 
the eyes of some animals that we accurately examined appeared 
sensible to the influence of light. 

5. The attacks commence with a tonic spasm of the muscles of 
the neck (trachelismus). 

6. Bespiration ceases, whilst the heart continues beating. 

7. The limbs are seized with strong clonic convulsions, and 
become at last spasmodically stretched. 

' It is generally acknowledged that in a fully developed attack of epUepsy 
the pupil ceases to be contracted by the influence of light. But Kassmatd 
recently observed the highly dilated pupils of a boy contract strongly by 
light during a very violent attack of eclampsia, which lasted for two hours. The 
lad died in a perfectly unconscious state from tuberculosis of the meninges and 
caries of the lowest dorsal vertebra. 




ON THE PHENOMENA ATTENDING DEATH IN THE RABBIT 
AFTER LIGATURE OF THE GREAT ARTERIES OF THE KECK, 

»AND ON THE SYMPTOMS MANIFESTED DURING RESTOR- 
ATION OF THE CIRCULATION. 

Intekhcptios of the circulation in the great arteriea of the neck 
causes death when contiiiued; but, if the circulation be restored, the 
animals recover, unless the organs essential to life have been so 
affected as to be unable to continue their functions. 

If the circulation continues arrested when the epileptic attack is 
over, the auimal does not die immediately, nor is it incapable of 
prolonged existence. Some extremely deep, sighing respirations 
still occur at intervals of five, eight, ten, and twelve seconds, but 
seldom more. 

These are the more \'igorou3, rapid, and frequent, the less the 
auimal has been subjected to experiments of compression before the 
application of the permanent ligature. They sometimes even still 
take place, when fine red bubbling foam flowing from the nostrils, 
indicates that, an extensive cedema of the lungs has supen'ened. 

During these deep respirations the animal widely opens its mouth 
and jaw-bonea, and distinct sounds both of inspiration and expiration 
are heard at the walla of the chest ; whereas in the norm j respi- 
ration of the rabbit, or when its breathing is simply accelerated, 
only sounds of inspiration are heard. At each deep inspiration the 
chest is seen to expand enormously, and air penetrates the wound 
below the sternum. Frequently air passes forward behind the 
latter aud before the heart, between the laminte of the mediastinal 
connective tissue, aud sometimes it even enters into the pleural cavi- 
ties, producing pneumo-thorax. In what manner, and where, the 

^^m jjieaite are lacerated in this process we could not ascertain. 

^^K The last gasp generally takes place iu &om three to five minutes 
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after the left artery has been tied, seldom later- In every experi- 
ment, without an exception, the heart continued to beat vigorously 
for some time after the last breath. In some instances we could^ 
with the stethoscope at the chest, hear the pulsation of the heart 
even half an hour afterwards, or through the open cavity of the 
abdomen see it beating on the other side of the diaphragm. The 
diaphragm of the rabbit is so transparent, as to allow the situation 
of the adjacent thoracic viscera to be clearly seeu. In this manner 
it can always be readily ascertained when air has entered the 
pleural cavity. 

When the thorax was not opened, the heart seldom ceased beating 
before the tenth miuute. If the heart, wliich had throughout been 
over-filled with blood, was exposed to the air after pulsation had 
temporarily ceased, it began to beat again io all its parts even a quarter 
and half an hour after the last breath. In a ftdl-grown gray rabbit 
it even continued beating vigorously after the lapse of an hour, not- 
withstanding the hind legs had become rigid immediately ^ler the 
last breath. The same plienomeuon was observed by Dr. Mayer, of 
Bonn, who has pubh'shed, in the 'Act. Phvs. Med. -Acad, Ctes. 
Leopold. Carol.,' of the year 1833, t. xvi, a, p. 68, his anatomico- 
physiolc^cal researches on the brain, spinal marrow, and nerves, 
wherein he gives an account of numerous experimcnta on the com- 
pression of the carotids in dogs, rabbits, a horse, a goat, and a dove. 
After having tied the left subclavian artery and the innominate artery 
of a rabbit, complete paralysis of the head and fore legs imme- 
diately took place, followed by strong tetanic (?) shocks of the trunk, 
dilatation of the pupils, and death itself within a minute. Forty 
minutes after, the animal having remained in the atilTneaa of death 
for ten minutes, the heart atill beat eleven strokes a minute. 

These cases offer a striking exception to the ordinary rule, accord- 
ing to which the left, heart is usually the " primum nioriens." In 
every instance, however, the left ventricle died before the other parts 
of the heart, contracting itself, and becoming pate aud rigid ; the 
right auricle was the last to die. 

Urine and freces were ofien voided with (lie last gnsps, or even 

later, while the cadaveric rigidity usually appeared sooner in the 

hind than in the fore legs. lif, after tj-ing the left subclavian artery, 

^^^ the ligature was removed from the carotid before the animal was 

^^L at the last extremity, the use of its cerebral and muscular powers | 

^^1 WIS almost without exception restored with remarkable rapidity in n j 
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seconds. This was sometimes successftilly brought about even 
len the animal was just dying. When deep respiratioiia recurred 
Ijf at long intervals, the pupils having been already ddat«d to 
degree that the diameter of the iris was only one to two mil- 
limeters — a 9tat« of dilatation which Bouchut (erroneously, it is true, 
and as tliese experiments prove) considered to be the sure fore- 
runner of death. But in such a case it always took longer before 
Rspiration was restored and the animal regained power over its 
lea. Thirty-six, forty-five, and a hundred and twenty minutes 
the application of the ligature {which we succeeded in removing 
again with the scissors from the trunk of the carotid), and even in 
a case where these attacks came on five minutes ' only after the 
application of the ligature, we saw, seven minutes afterwards, respi- 
ntion gradually assuming its normal state with a return of eonscious- 
I, and of power over the muscles of the body. It may be, as 
Fore mentioned, that in the latter case, after the great vessels of the 
ik had been tied, some blooil still found its way through collateral 
idiannels, and the approach of convulsions was thereby retarded for 
unusual length ot tune We cannot, consequently, from this ex- 
periment, determine with abtolule certainty how long the brain of 
the rabbit can remain completely deprned of arterial blood ;^ but, 
from the result of our first experiments, the assumption appears well 
grounded, that the brain of (Ae tabitt ca« reiuaiu deprived of arte- 
rial blood for two miiiHles wUAoul losing ita capa6ility of again 
perfortaiug it»/u»ctions upon tie renewal of the eirculatioti. 

A singular phenomenon is presented when the ligature is removed 
at the precise moment that the convulsions are raging in their 
greatest intensity. As if spell-bound by the wand of a magician, 
these convulsions generally cease immediately, and tlie sudden change 
from the most frightful spasm to complete relaxation of the system 
offers a most striking contrast. The rigidly contracted muscles of the 
neck become paralysed, and the head sinks forward, as though drawn 
by a heavy weight. Sometimes, the moment the blood flows in, the 
animals move straight forward, as though the quantity of blood rush- 
ing into the head would throw them down headlong; and then they 
fall to the ground paralysed. Upon the cessation of the flow of 



^^K* Wear 



We are here obliged to anticipate the course of our researches bj taking it 
Ipnuited thsl a deGciencj o( riid blood iu the brain is caused by llie ligature, 
lUgh we cannot prove this assumptioo until aflcrKords. 
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* 

blood to the head they gradoally raise themselves up, or jump up as 
if awakening from a deep unconsciousness, while sometimes they cry 
out and endeavour to run away. If the sluice be opened before 
general convulsions come on, just when the muscles of the neck 
begin to contract, the animals frequently kneel down, and at length 
lie on the breast and belly, upon the table. 

Convulsions are never produced by tliis strong flow of arterial 
blood into the head, as might be expected according to the physio- 
logical theories of the present day, not even when both cervical 
branches of the sympathetic have been divided and the superior cer- 
vical ganglia destroyed. On the contrary, numerous groups of 
muscles become paralysed. Thereupon ensues relaxation of the 
sphincters of all the moveable orifices of the head, of the iris and 
eyelids; of the muscles of the conchee, nostrils, and mouth; of the 
attractors of the lower jaw ; of the retractors of the eyeballs ; of 
the muscles of the neck and limbs. The pupils are frequently 
dilated to as great an extent as is observed in the animal when 
dying, so that the dilator of the iris seems to be actively concerned ; 
the dilatation of the orifices of the lids and of the conchs is also 
generally very remarkable, that of the orifices of the nostrils and 
mouth less striking. 

If the circulation has been restored during a completely developed 
epileptic attack, respiration does not return immediately. Some 
seconds elapse before one or more deep, slow, but noiseless inspira- 
tions take place, during which the nostrils are considerably widened 
and the mouth opened. As the rush of blood decreases, deep 
respiration becomes gradually more rapid and easy, the orifices con- 
tract again to their usual size, the protruding eyeball recedes into its 
socket, and power over the neck and limbs is restored to the animal. 

The astonishing power of banishing the most frightful convulsions 
which, in these experiments, was possessed by the red blood, strongly 
demonstrates the folly of the injudicious practitioner who resorts to 
the lancet immediately on the appearance of violent symptoms of 
irritation proceeding from the brain. The opinions of eminent 
physicians, from the distant age of Hippocrates and Aretaus (those 
sound observers, possessed of more correct ideas upon the treatment 
of epilepsy than the greater part of those amongst us who have since 
written upon the subject^), up to Marshall Hall's classical researches 

* Compare Delasiauve, ' Traits de I'Epilcpsie/ ae partie, ch. i, Histoire du 
Traitement, p. 308. 
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npon bloofUettiiig and hydrocephaloid disease, have apparently 
fitUen unheeded upon the ears of bloodthirsty quacks. Physiciaua 
engaged in treating the insane do not grow weary of relating their 
:perience on the prejudicial consequences of bloodletting and of the 
ibilitating treatment so often employed as the chief remedy in 
psy and mania, in the earlier stages of imbecility attended with 
paralysis, and in every excitement of lunatics ; their 
igs die away within the walla of the asylum. To no purpose 
as regards epdepsy, an established fact tliat poor-blooded 
ibjects are oftener attacked than fidl-blooded ones, that debilitating 
sns, losses of blood and semen, vicious formation or adultera- 
of the blood (as by alcohol, leail, &c.), and finally congenital 
sakness of the brain (idiotismus congenitua), in most instances 
on the attack, In vain do numerous experiments on men 
id animals warrant the correctness of the doctrine that blood- 
letting and all treatment of too debihtating a nature increase the 
number of the attacks and accelerate their final transition into im- 
becility and consumption. In vain is advice given to examine most 
conscientiously the degree of strength in the patient, the condition 
of the brain's circulation, and cautiously to investigate the causes of 
the disease before adopting any treatment. The number of those 
who in all kinds of epilepsy thoughtlessly apply debilitating remedies, 
at least at the beginning of the disease, is still very great, although 
the profession in the present day acta on better principles than 
formerly ; an assertion which cannot yet be made of the treatment 
of lunatics in the state of maniacal excit«ment. 

The specific remedies especially in vogue for epilepsy have all a 
but slightly active or reducing effect upon the organism. They are 
by no means chosen from the class of mercurials, antimonials, or 
preparations of lead, but from metals of milder action, such as silver 
and zinc, which have proved particularly useful. Wormwood and 
root are also very efficacious remedies ; but good, plain, and 
regulated diet, and the " traitement moral," stand pre-eminent. 
io the latter category, however strange it may appear, most surgical 
modes of treatment appear to belong. Tracheotomy, ligature of 
the carotids, cauterization of (he pharynx, and the other surgical 
operations generally recommended, and adopted with temporary or 
lasting success, would in most instances prove useful on the same 
grounds as the application of any new and yet untried remedy. 
Though ligature or compression of the carotid may in some few 
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instances have been of service, yet it does not necessarily follow that 
it was the anaemic condition of the brain that in these cases produced 
the favorable result. Apart from the influence just now mentioned 
of such operations upon the mind of the patient, we must not forget 
that the arrest of circulation in a vessel produces an increased 
determination of blood to the collateral vessels. In individuals 
still possessing an adequate or normal quantity of blood, the closing 
of the carotids will necessarily cause an increased flow through the 
vertebral arteries. Let us imagine an epileptic seizure in an indi- 
vidual, originating in an anaemic state of the posterior and excitable 
parts of the brain — the medulla oblongata, for instance — ^which con- 
dition affects but sympathetically the rest of the brain. Compres- 
sion of the carotids may achieve a cure, not because of the resulting 
anaemia of the cerebrum, but by the induced hypersemia of the pos- 
terior part of the brain. Moreover, it is also to be remarked, that 
every compression of the carotids, however brief, is closely followed 
by cerebral congestion. From the short duration of the compression, 
as usually applied, it is difficult to say how much of the remedial effect 
is to be ascribed to the cerebral anaemia, slight in itself, or to the 
hyperaemia, sequential to it. 

We need scarcely remark that we do not mean absolutely toTeject 
venesection or low diet. Cases but too frequently happen where a 
rapid abstraction of blood, especially from the external jugular vein, 
becomes imperative, in order to reheve the brain from congestion of 
venous blood with which it is surcharged, to facilitate the access 
of arterial blood, and to arrest an attack of apoplexy. Where epi- 
lepsy occurs in a patient of luxurious habits and addicted to the 
pleasures of the table, it is always advisable to enjoin a strict and 
simple regimen. 
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CHAPTER VI, 

HIDDEN INTERRUPTION IN THE FLOW OP ARTERIAL BLOOD 
TO THE HEAD PRODUCES PHENOirENA SIMILAR TO 
THOSE OF EPILEPSY IN DIFFERENT WARM-BLOODED 
ANIMALS. EVEN IN MAN HIMSELF. 

As sudden iDt^rruption in the passage of red blood to the head 
epileptic convulsions in the rabbit, it is liighly probable that 
:h a condition will produce the same effect in all wann-blooded 
animals, from their general agreement in the two conditions indis- 
pensable to such a result ; firstly, from their nourishmeut by warm 
and red blood ; secondly, their liability to epileptic convul- 
sions. The inference is the stronger, inasmuch (as it has ahready 
been shown), that birds, mammalia, and men are rendered uncon- 
scious, and prone to general convulsions, by great loss of blood. 
And, again, experience shows that, after great loss of blood, mam- 
ifers, including man, are much more readily subject to faintinga 
id convulsions when in an erecl Ihan when in a decumbent pos- 
Tbis fact can only be explained upon the assumption that 
enfeebled power of the heart, when erect, is no longer 
ible of overcoming the weight of the blood, and of driving 
it upwards into the brain. Deficipncy of red blood in the brain 
leads, in this instance, to general convulsions, which commonly 
cease immediately the body is placed in a horizontal position or the 
head lowered below the level of the trunk.' Marshal] Hall's dis- 
tinguishing merit consists, as is well known, in liis drawing atten- 
tion to these facts and deducing therefrom an important practical 
rule for adoption in venesection, viz., to bleed the patient in an 
upright and not in a reclining position, so that the nervous system 

' Compare Mnrahall Hall, ' Oii Bloodlel.liitg," p. 58, ct seq. ; Burrows, 
If Observstioas on Diseases of Cerebral Circulalloa of the Blood,' Posa fir's edi . 
w, 1647 -, end Kuismiturs eiperimcnts in the ' Verhandl. der plijs. roed. Oes. 
BWiirtburg,' 1855, p. 37. 
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may be more speedily influenced^ and the abstraction of too la^ a 
quantity of blood avoided. It is an old established rule that 
persons after losing much blood should assume a horizontal position^ 
the head being kept very low. 

We possess, moreover, a number of experiments and observations 
on animals and men, which clearly prove that stoppage in the circu- 
lation of the great arteries of the neck produces epileptic convulsions 
in other animals than the rabbit. 

Mayer^ saw a dove, in which the carotids and the arteries of the 
wings had been simultaneously tied, expire in convulsions and tetanic 
spasms so violent as to cause the tied vessels to burst. 

Sir A. Cooper's experiment is well known. He tied both the 
carotid and vertebral arteries of a dog. The animal appeared 
to lose sensation, as though intoxicated. It breathed with difiB- 
culty. The pupils became dilated, and the animal fell over on its 
side and became convulsed. Stupor and general paralysis having 
been present during two days, the animal completely recovered, 
and proved a useful house-dog. Nine months afterwards Sir A. 
Cooper killed the animal for the purpose of injecting the arteries, 
and he found extremely large and numerous anastomoses.^ 

Panum' repeated Sir A. Cooper's experiment, and observed a 
circumstance explanatory of the dog's survival. After tying both 
the carotid and vertebral arteries, the dog became convulsed and 
swooned away, the mucous membrane of the mouth appearing pale. 
In a little time the animal again opened its eyes and lay quiet for 
four hours, breathing very deeply and slowly, but regularly ; and, 
although extremely weak, able to stand when lifted up. That the 
brain still contained a plentiful supply of blood was demonstrated 
by the following fact : Upon opening the carotid above its ligature, 
some minutes after its application, such a quantity of blood streamed 
out, that Panum was obliged to apply immediately a fresh ligature 
higher up. After having killed the animal and injected its arteries, 
he found that, between the second and third cervical vertebra of 
the dog, very considerable branches from the vertebral arteries are 
given off to the spinal cord, which unite and form a common stem 
ascending to the brain, and separate again higher up into two 

^ Loo. cit., p. 719. 

* Loc. cit., with a drawing of the anastomoses, p. 457. 

* On Death by Embolia, * Zeitschr. f. Klin. Medizin von Gunsburg/ 1856, 
vol. vii, p. 409 • 
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irancbes, which contribute to the formation of the basilar artery, 
therefore, both the carotid and vertebral arteries are tied just 
lerc they pass from the canal of the epistropheus into that of the 
(as was probably done by Panum and Sir A. Cooper), the brain 
the dog is still able to receive large quantities of blood. 
In the horse the basilar artery is not fonned by the junction of 
le vertebral, but by that of the occipital arteries within the foramen 
The vertebral arteries have not therefore much to do 
ith the nutrition of the brain.^ When entering the vertebral 
lal they are of tolerable size, but become thread-like before they 
the cavity of the cranium. Tying the carotids of the horse will 
msequentlj be followed by the same results as are brought about by 
iture of the carotids and vertebral arteries of the dog and rabbit. 
Lch was the case in a horse whose carotids were tied by Mayer.* 
eakness of sight, dizziness, falling suddenly down as though struck 
fcy lightning, foaming at the mouth, convulsions, and ravings suc- 
ceeded, and death after a short tetanus, fifty -eight minutes after the 
operation. Jobert de Lamballe seems to have met with a similar 
result after the same operation. His treatise, f[uoted by Norman 
ivers," to my great regret, I have been unable to procure. If, 
ever, the ligatures on the several arteries of the horse are 
ispplied at somewhat longer intervals, so that a collateral circulation 
can take place, the issue is not invariably fatal. Alessandrini* tied 
both carotids within thirty-six days, the apphcation of each ligature 
being preceded by copious venesection. On the application of the 
ind ligature the animal fell on its side, and exliibited signs of 
•upor; but, nevertheless, recovered without falling into con- 

With regard to man, we do not possess, as far as we are aware, 
j Biiy observations upon the simultaneous and sudden stoppage in the 
kejiiculation of the blood in the four great arteries of the head. 

, 'Lehrb. der vergl. Anat. der Wirbeltliicte,' 1846, p. 440. 

|f*t«.oit.,p. 691. 

* Horaan Chevers, Remarks on the Effects of Oblitccation of Ibe Carotid 
Arteriea upon tbe Cerebral Circulatiou, in 'Loadon Med. Gaz. 'Oct. 31, i34.>;, 
pp. 1140—1151. 

* Sohmidt*B ■ Jabrbucber,' 1840, vol. iivi, p. 333. Tbe eiperiment of tyin^ 
both carotids ia a horEe, made by Eossi and Scasuiia, as related in CHnsladt's 
' J«breabericbl,' 1856, icclion Veterinary Medicine, p. 7, is incorrect, and 
tlierefore of no avdil to our argument in tliia place, atace tbe rigbt jugular vein 
was tied stmultaneoasly. 
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Gradual occlusion of these vessels may take place without producing 
convidsions, as is shown by Davy's* remarkable observation (in an 
officer of rank^ aged fifty-five years), of the closing of both the 
carotid and subclavian arteries, in consequence of an aneurism of the 
arch of the aorta. The patient suffered from frequent attacks of 
feinting and giddiness, occurring subsequently at longer intervals, 
until the pulse could be no longer felt in the neck, temples, arm- 
pits and arms. Fifteen months afterwards the patient suddenly 
expired while on a journey, in consequence of laceration of the aorta 
at its base. All the large vessels springing from the arch of the 
aorta were closed at their origins, while the intercostal arteries were 
enlarged, so that the collateral circulation must have been effected 
by the latter and the internal mammary artery. 

It is to be regretted that we know nothing of the symptoms 
manifested during life in a man who was dissected by an American 
named Darrach. In this case likewise the innominate artery and 
left carotid were found obliterated by an aneurism.^ 

In man we have merely some few cases recorded of sudden and 
partial interruption of the circulation in the head, occasioned by 
compressing or tying the great arteries of the neck, or by the ob- 
struction of the great cerebral arteries by means of plugs, espe- 
cially by those brought from other parts. 

Sudden stoppage in the flow of blood through the carotids is 
attended by the exhibition of more striking phenomena in man than 
in either the dog or the rabbit, from the greater development of the 
human brain and the exceptional distribution of vessels to it. This 
(act has received ample confirmation from experiments both in the 
compression of the carotids of men and in the tying of the carotids 
of men and animals, as frequently performed by physiologists and 
surgeons from the remotest ages. We refer to the careful history 
of these experiments in Norman Chevers's critical treatise, without in 
this place entering more fully into the subject of tying the carotids 
of animals.* We may, however, observe that Norman Chevers was 

' 'Fide N. Chevers/ p. 1144. 

' Qerson and Julius Magazin, vol. xiv, p. 338, with a drawing of the pre- 
paration. 

• The most important experiments have been performed by Bichat, Mayer, 
Sir A. Cooper, Jobert, and Miller. Those of the latter are to be found in the 
'Gazette m^dicale, 1843/ P* i^7* Compare also the results obtained from the 
application of the ligature on both carotids in nineteen rabbits by Kussmanl. 
(loc. cit.) 
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unable to reconcile the conflicting statements of physiologists, 

doubtless because he had himself never performed the experiments 

on which thej were based. Thus, Mayer observed dangerous con- 

tequeaces much more frequently than Bichut, Cooper, Jobert, and 

rlliller; which is to be ascribed to the circumstance that Mayer did 

iBot distinguish with suHicient exactness between the results of 

I mealing the circulation of tlie blood on the one hand, and the 

f operation itself on the other. Tlie former, as we can safely assert 

klrom numerous experiments, are always very slight in the rabbit, 

clfhilBt the latter are frequently very considerable, when suppuration 

y.et the cellular tissue (pyiemia), infiammation of the vagus, and 

l-rtoppage of the venous circulation from the inflammatory tumour 

I supervene. When tliese conditions are present, stupor, weakness, 

I eonvulsions, and so forth, will certainly ensue ; but these symptoms 

Y cannot &irly be ascribed to an interruption in the transit of red 

' Uood. The results will necessarily vary if at one time the animals 

■re confined in clean and airy hutches, or at another are pent np and 

crowded together j if the wound be closed by sutures or not ; and on 

Dthei circumstances. Sutures, for example, in rabbits will readily, 

by preventing its escape, cause an accumulation of thick pus under 

the skin, occasioning thereby such pressure on the nerves and 

veins as must be highly injurious. 

. That compression of the carotids in men produces stupor and 

I ooUapse, simulating apoplexy, was known before the time of Galen. 

We find, from Chevers'a communications, that Rufua of Epheaus 

maintained that the word carotis owed its origin to this fact. 

" Arterias per collum subeuntes carotides, t. e. somniferas' antiquos 

nominasse, quoniam compressje hominem sopore gravabant vocemque 

■dimebaiit." Chevera likewise relates that by these means, Columbus 

, of Pisa, iu the year 1554, before a large assembly, feigning to use 

1 magic, and seemingly to his own amusement, caused a young man 

[ to fall down suddenly, much to the dismay of all beholders. 

During the present century, compression of the carotids was iii- 
r boduced as a remedy by Caleb Parry, and brought into very general 
For ample details on this subject we are indebted Xa the 



i philologist lias kindl; rnrnialied us with Ibe folloTing ettrmological com- 
'su: ijeaphiric. the srterjto the hesd; ri and * nipoc (prob«blj not con- 
l with icipti), deep sleep ; KapAf, iir to produce, -^ipos lo atupifj : 
), apoplexy ; raptirit, cansiag apoplei j. 



28 ON CONVULSIONS AFTER HJSMORRHAGE. 

distinguished Jacobi of Siegburg.i It occurred to us, however, 
that neither Jacobi, who assures us that he performed some hundred 
experiments, nor any of the numerous authors who have investigated 
the subject of compression, such as Trousseau, Blaud, Dezeimeris, 
L'Allier, Stroehlin, Bomberg, Fleming, and some others whom we 
have compared, made any mention of the convulsive attacks 
following these experiments. Jacobi relates the following symptoms 
as generally observed : dimness of sight, dizziness, stupor, weakness 
in the legs, staggering, swooning, loss of consciousness, and sudden 
apoplectic falling-down ; and this agrees with what is described by 
the above authors. It seemed, however, improbable that the re- 
sults in every case should be limited to these precursory symptoms 
of epilepsy, and that no convulsions should ensue. Fresh experi- 
ments were therefore deemed necessary. We communicate the 
results of some, in which (in the oases of six male adults) com- 
pression of both arteries completely succeeded. In all, without 
exception, the face turned pale. First they made convulsive efforts 
to close the eyelids : in four of them, the pupils at first contracted ; 
in aU of them, without any exception, they became eventually much 
dilated. The contraction at the commencement was in two cases 
very considerable. Although the experiments were performed in a 
moderately darkened room, the window-shutters being half closed, 
still the pupils became remarkably contracted, even more so than 
afterwards, when strong daylight was readmitted. As soon as 
dilatation of the pupils began to take place the respiration became 
slow, deep, and, as it were, sighing. Afterwards dizziness, stagger- 
ing, and unconsciousness ensued ; and the patients would have 
fallen but for being supported. In two subjects of weak intellect, 
and moderately ansemic, in whom, notwithstanding the above 
symptoms, the compression was continued, a choking sensation, 
attended by vomiting and general convulsions, came on, which, 
however, did not attain an aggravated form ; for, on withholding the 
compression, they disappeared in a few seconds. In one instance, 
a twitching in the muscles of the cheek was observed previous to 
the attack of general convulsions. The face became suffused, the 
eyes moist, and the pupils more and more dilated, as the thumbs 
were removed from the neck. Consciousness and volition did 
not return immediately, but after the lapse of a few seconds, 

> Fide his famoas work : M. Jacobi, 'Die Seelenatorungen inihren Beziehun- 
gen zur Heilkunde,' i, pp. 379 — 388. 
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while the red appearance of the face gradually subsided. The first 
inspirations upou the restoration of the circulation were particularly 
deep. No further prejudicial consequences ensued. 

We consider it then established that compression of both the 
carotids in men may occasion loss of consciousness, dilatation of the 
pupils, prolonged breatliing, and general convulsions, — in short, all 
the symptoms of a alight epdeptic attack. As these experiments 
were not always successful, it is well to consider that in closing 
the carotids no complete stoppage in the flow of arterial blood from 
the brain is occasioned, and that the arrest itself is mainly compensated 
ty the collateral circidation kept up by the vertebral arteries. Still the 
probability becomes stronger, that the sudden retention of all the 
blood conveyed to the head will have the same effect in the human 
being when experiencing the loss of much blood as in other warm- 
blooded animals ; that is t« say, that sudden occlusion of all the 
arteries of the head will as certainly produce epileptic convulsions 
in man, as has been proved to be the case in rabbits, provided the 
strength of the former be not too much exhausted, and the nulrition 
of the nervous system not too much impaired. 

The operation of tying the common carotid has been frequently 
performed since the year 1810.' Ahemethy (in 1803},' Fleming, 
Lynn, and others, apphed the ligature in some cases where wounds 
had been inflicted; and Sir A. Cooper (in 1805), for aneurism. 
Tying both common carotids consecutively,* and ligature of the 
innominate,* are operations which have been done more rarely, 

' Hebenstreit relates an earlier instance of tbe successful ligature of tlia 
comtnoQ carotid wbirb had b«en wouiiJed hj removal of a scirrbous tumour. 
Coinpiu^ Hasse, ia Rust's ' Handb.' vol. ii, p. 66 ; and Velpcau, loc. cit., p. 
a30. 

' Velpcnu tncw as early as 1833 of sixty cases of ligatures having been 
applied to lb(^ common carotid, forty of wbicb nC least bad been saccessful. 
Compare liis ' Elements dc Mcdec. opS.'atoire.' In tbc second edition of Jiis 
work published in iS^Qi vol. ii, p. 333. be enumerstea one liundred and fifty 
macs, of wbicb eighty were attended wilb a favorable result. 

' According to N. Cbevcrs, Mott is said to bare lied botb carotids simulta- 
neously, fatal consequences ensuiug in twenty-four hours. It is to be regretted 
tbat no details ore givcu, aad tlie source not even mentiotied whence his 
authority is derited. Langeubeck, according to Chevera, ia likewise staled to 
bave performed the snme operation with the same result. Here, however, 
■ confusion exists with some other cnse in which Langeubeck tied only one 
carotid, of which we shall hereafter speak. 

This operution has been perforneii ten times on living men, but nlwavs 
will) fatal consequences. 
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whilst the vertebral has been tied but once (by Ifaisonnenve, in 
^853). Of the numerous cases we have compared, we have found 
very few, to our great regret, related with even tolerable accuracy; 
especially are the records of the post-mortem examinations, in 
the cases which proved fatal, very faulty, more particularly the 
descriptions of the anatomical alterations in the brain. We do not 
pretend to give, in the following pages, a complete enumeration of 
all the symptoms attending this operation, but merely a general 
description, for which purpose a number of carefully compared 
examples (more than a hundred) may probably suffice. 

After applying a ligature to one carotid, to the innominate artery, 
or to both carotids in succession, in some instances no disturbance 
whatever in the functions of the brain was observed ; but in the 
greater number the following symptoms appeared, namely; a difficult, 
deep, and even rattling respiration (which, moreover, was speedily 
induced), spasmodic attacks of cough, headache, or a cessation of 
headache when previously existing, toothache (according to 
Dupuytren* and Malgaigne*), loss of sight in the eye on the same 
side as the part operated on, dizziness, stupefaction, insensibility, 
loss of consciousness, of speech (Homer), and of free play of the 
muscles in general, difficulty in swallowing, nausea, vomiting (Lam- 
bert), swooning, and coma. Swooning has sometimes been imme- 
diately succeeded by death without convulsions appearing. 

Aston Key* tied the right common carotid of a woman sixty- 
one years of age, sufiering from an aneurism of the innominate 
artery. In about an hour and a half after the operation, the woman 
appeared to sleep quietly, the breathing was somewhat stertorous, 
and grew weaker by degrees ; and, four hours after the operation, 
she expired. On a post-mortem examination, it was found 
that the aperture of the left carotid at the arch of the aorta 
was completely closed, and that the vertebral arteries were of un- 
usually small calibre. The brain was healthy; its blood-vessels 
exhibited no morbid appearance, and contained the ordinary quantity 
of blood ; a moderate quantity of serous exudation was found between 
the membranes. Unfortunately, no information was affordedwith re- 
gpect to the condition of the lungs. If death did not take place at the 
latterorgans by a disturbance and stoppageinthe circulation,resulting 

» Rust's 'Magazine,* ▼ol. tii. p. 761. 

3 See afterwards. 

» * Medical Garctte,' Tol. vi, p. 703 ; Burrows, ioc dt., p. 56. 
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tedems and suffocation, as ia frequently the case ia rabbits and 

imetime^ in mea (Hall'), after the innominate artery haa been 

iied,' it must have proceeded from the brain ; the quantity of blood 

iConvejed to it through the two contracted vertebral arteries not 

L-infficing for it« nutrition. The statement that the vessels of the 

l^train contained the usual quantity of blood should not bias onr 

Igment; for the vessels which, in the dead body, eontain the 

usual quantity of blood are the veins. As a rule, the arteries are 

itirely empty in the smaller branches, and almost entirely so 

[i«ven in the larger ones ; and dissection will scarcely ever show the 

j^oautity which the arteries contained during life. We shall soon 

these facts more closely. It may further be asked, why 

convulsions took place, notwithstanding the fatal diminution in 

,^e quantity of blood in the brain. An answer to this inquiry is 

readily supplied in considering the age* and feeble constitution of 

the persons operated upon. 

A result simdarly fatal took place thirty-foui hours aft#r the 

operation, attended with r^ea in respiration and stupor, but 

without convulsions, in a case of broncbocele in which Langenbeek' 

first tied the right thyroid artery, and the right carotid eleven days 

later, in consequence of excessive and repeated hwmorrhages from 

,(iie wound. At the post-mortem examioation the right lobe of 

cerebrum appeared aniemic, and its surface covered with exuda- 

ins (seriun ?), whilst the left lobe was gorged with blood. Some 

.udation {serum ?) was discovered in the right ventricle, but not 

Velpeau, loc. cit. p. 347. In tlie cases of Mott, Graefe, Bland, aiiJ Lizars, 
the persons operated upon died from barnorrliage. 

* One nnmeroua enperlments on rabbits Lave Eonviuced us tliat ia tybg the 
innomiuAte ailerj ike danger from iijperRinia and ccdcma of the lungs and 
from aoffocalion increases in proportion to the amount of blood in the patieat. 
But if, in Older to avoid tliia liaBardous consequence, veneaeoLion be adopted be- 
fore the operation, and cerlaiu limits be transfrrcsaed, another danger vill ensue 
from the brain, its niitritiim being impaired in a twofold waj. Firstly, by 
the absolute want of blood in the patient ; and secondly by the elositig of audi 
important vessels of supply. When, therefore, the carotids of men are to ba 
ti^, a too copious venesection, as generally performed by English and Frencli 
ftUrgeODs, should be avoided. 

■ One of the cases, however, occurring in Wardrop's own practice, tliat of a 
ity-eight years of age, vihose cnrotid was tied witliout any serious 
results, dearly &I1073 that ihe ligature on otio carotid is sometimes veil borne 
'I9 ^'7 *^''' Persons. 

Langenbeck, ' Keue Bihl,,' vol. W, at. 3, p. 586. 
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in the left. In this instance the brain was probably brought into 
such a morbid state from the excessive debility of the patient — pro- 
duced by the previous repeated and violent haemorrhages — that the 
ligature of simply one carotid proved fatalJ 

The ligature of one carotid was frequently followed^ sooner or 
lat^r, by paralysis of the opposite side. If death took place^ the 
affected portion of the brain was found softened, when the reten- 
tion of the blood had lasted sufBciently long. 

Sir A. Cooper's ' first case had this paralytic issue. Seven days 
after tying the right carotid of the woman, who was forty-four years 
old, her left side became paralysed, and death took place on the 
twenty-first day. A post-mortem examination was not allowed. 

Gundelach MoUer, of Copenhagen,' tied both carotids of a child 
four years and a half old, suffering from a vascular tumour of the 
nose, within a period of four months. Soon after the application 
of the first ligature the opposite side became paralysed ; after tying 
the other carotid vomiting and coma supervened, probably, how- 
ever, not in consequence of the operation, but from a simultaneous 
attack of scarlet fever that was raging in the hospital where the 
child was. Nevertheless, the child recovered, but with only an 
imperfect use of the paralysed side. 

Dohlhoff * observed two cases attended with fatal results, in which 
post-mortem examinations were performed. In the first the liga- 
ture was applied for a medullary fungus of the superior maxillary 
bone in a man forty-nine years of age. His bladder and opposite 
side bectunc paralysed eight days after. The corresponding half 
of the cerebrum was softened ; the rest of the brain was filled with 
blood. The other case was that of a woman aged fifty-one years 
in whom paralysis of the opposite side with impaired consciousness 
tocik place on the fifth, and death itself on the seventh day after the 
operation. The brain and its integuments were in a highly con- 

> Dupuytrcu (St^dillot, Ohs.de ligat. de la caret., «Ga«. m^./ 184a p efiy 
and liougta, • Anat. ct Phjra. du Sjrsti>iuc ncrveux/ vol. i) and Vclp«iiu floa 
oil., p. 339) lost |»«tieut8 in whom one carotid was lied (Dupnjtren's uatient 
died on the sixth day in a state of great debility, probably from pywmia, Thea« 
cases do not belong to the same category, neither do those numerous ones whera 
death was caused by hemorrhage, suppuration (Travers). obstinate vomiting 
(Syme. in • Archives g^niSr. 4tMne serie. 1, 481). pleuritis (MaclichU«^ aI ^ 

• • Med..Chir. Trans/ vol. i. p. i. V«itciacWtn), Ac. 

» CJors. u. 'Jul. Magai./ vol. li. 1838, part 3. 
« Ku8t*8 • Mftgaiine,* voU li. 1838, part 3. 
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gest«il state, and no difference was observable between tlie two 
halves of this organ. 

Herbert Majo ' tied the right eommon carotid of a man whose 
external carotid had been wounded, and as htemorrhage came on, 
consequent on ulceration at tlie point of application of the liga- 
ture, he repeated the operation on a lower part of the artery. 
Thereupon a sensation of torpor ensued in the left half of the body, 
ending in paralysis and death. Tlie right half of the cerebrum was 
found to be softened, and between the arachnoid and pia mater 
was interposed a thick layer of lymph. 

Textor ^ likewise saw this operation followed by paralysis of the 
other side, and death. At the post-mortem examination he found 
the centrum semi-ovale of the side where the carotid was tied, in a 
state of suppuration. 

Sedillot^ tied the right common carotid of a man suffering from 
riolent htemorrhage. Three hours afterwards the left half of the 
body and the right side of the face became paralysed, and the 
intellect almost destroyed. Death took place on the ninth day. 
The three lobes of the right half of the cerebrum were softened. 

Similar cases, according to Norman Chevers, were observed by 
Tairfax, Girdwood, Macaulay, Vincent, and Barovero,* Velpeau 
(loc. cit., v. ii, p. 235) likewise saw hemiplegia with fatal conse- 
quences ensue, and Chapel, softening of the brain, after tlie applica- 
tion of a ligature to the carotid, according to the ' Report of the 
Meeting of the Acad^mie de Medicine,' held on the 28th of October, 

Here we must mention the numerous instances either of suddeu 
or else of rapidly produced obstruction of the innominate trunk, or 
of the common or the internal carotid, but particularly of tlie ramus 
sylvianus, by immigrated plugs or those of autochtlionous origin, 
producing symptoms of apoplexy, with subsequent paralysis of the 
opposite hijf of the body and softening of one-half of the cere- 
brum in a greater or less degree." 

' ' Gers. u. Jul. Magai.,' new aeries, vol. viij, p. 8i. 

' ' Chiron.,' vol, ii, p. 3 ; Laiigenbeck, ' Nosol. der Chir. Krankb.,' vol. v, 
P-445' 

' '012.1161.,' 184J, p. 567. 

* Barovero, however, tied both the carotid ftad internal jugular. 

' ' Arch. ^D&t.,' p. 355. 

' Compare Nommn Ctievcrs, loc. cit., p. 1146, No. I, and p. 1147, No. a ; 
UuK, in 'Henle und Pfeufcr,' Zcit»lir., 1848; Vircliow, 'OeHmmelLo 
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Twic^« within our ovn es^pfrienoe, alter tring one carotidy 
luve iVuvul$ion5 be^n ohseired on xht side of the anplicatioii 
of the ligaturr^ attended with paniTos of the opposite side — 
»ni\ptom$ often noticed after hffmonfajief into cither half of the 
I'erthmm, 

A num. rt. 48. whow right carotid waa t^ br Yinoent^ 
im mvount of an aneurism, was seticd with conmliiana on the 
9ame !kide an hour and a hjdf afterwaids; he then Ml into a 
atate of torpor and became paralTsed on the left side. Six^^two 
ouiuv;^ of bUxxl verv taken frvon him within the firtt three daja. 
Nevertheledt»« the cimrulsioos continned, and onlr eeaoed two days 
before de«ith» which followed on the seventh daj after the c^cration. 
llie ri^t hemispheie of the cerebrum was softened to the oonaist- 
euiv of orvAni : it.< veiu$ weiv le;?:^ congested than those of the left 
heinistphere^ which exhibited Uood-«pots. The rentrides contained 
more s^ruiu than usual, whilst the cerebellum was in a healthy 
iHMuiifiou« 

A mai^ cet, :S» thrust the mouth-piece of a day tobacco-pipe 
llmni|;h the nnM of his tongue into the right carotid at its bifurca- 
tion. U br\4e ami stuck (ast« and acting as a complete phig, gare rise 
to a tuiiuMir. and sevcu liav^ afterwards induced violent hnnorriiage. 
Vmceut* tictl the carv^tid. anJ during the operation remarked the 
prtv«ru\v of \vii\uUious \>f the right and pandrsis of the left side. 
*nuv4M« nYiuploms Wfcxl till the man's death, live days afterwards; 
\\\\\\ f \\M t ho tHMw ulsious grew gradually weaker. Up to the time of 
bii^tluug hisi last, the (vificntV mouth and nose bled at intervals. 
*rh0 n«H'k «as swollen ar\mud the bifurcation of the carotid, where 
an ell\(MUM\ \>t bliHHi and )nis was fv^und. and the jugular rein 
«'UMe«l to a tln^) )>arl ^\f its cireumfeienii^. But httle blood 



AI»hiM\ill tur wum^iM^k. M«H)um' vl*hi\>mK>9e und Eaiboue); Kirkcsi 'Ifed.- 
V\\\\ r(iiu«m%| / i.^^i, Yxxl \\\v« 1^ jSi ; KuhW. * Arch, for path. Anat^* t, 
Y iHvi. Umuvxh)^ *MihI IVim^' KcK, iS^v* B^*k» *Dii KaoDMltsseBcnt 
iVu^Uul . IV.0 kuAuit. 8*lr**t^; ix\v^i aud TVaube^ * IValsche Khaik,' 18I54, 
^\\\ \\\\M\\\ \\ \y h«vi» WMim^usI th«» m^v^hiIccu (aws of thrwnbow related in 
\\\t^ mU»vi» mi»iilu^UHl \h\u^k» Ami iM^vix Mul KAvt» a^>i (vHind one ia which simul- 
Uu«H^)K (vuwiUioun >w*»i^ \*KH»rHtts<» a ik^ubit'ul K*a$e of Bum>v9* ei^ceptcd, 
ivUliuit (o M |{uU'i|;hli^u xtmra Ua v^lftsMtsi wiih viu«tt»c oT the hearty and still 
\\\\\\\^\ li^'ntmi'^U xihi'u \wv \SM^ wa» |MiUi»lMKi\ vKo »u8md (ran twmipl^ia 

* UmlvMi, 
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bontained in tlie longitudinal sinus. The cerebriil veins were only 
parti all; filled with blood, the arachnoid appeared dull and 
watery, and the convolutions of the right half of the cerebrum were 
flattened and softened. The latter contained irregular cavities, with 
Bsh-colonred effusion and green shreds. One of the cavities was 
two inches in diameter, and extended to the corpus striatum of the 
same side. 

We may conclude that in both these cases the lateral convulsions 
did not proceed from hyperffimfa of the opposite half of the 
cerebrum. In the former case the convulsions continued notwith- 
standing copious venesection, while in the latter thej came on and 
persisted in spite of great loss of blood. The results of the post- 
mortem examinations likewise militate against such an assumption ; 
the great quantity of serum in the ventricles and membranes of the 
brain but iU accords with the existence of hyperamia; neither, on 
the other hand, do tliey afford any grounds for maintaining the 
opposite opinion; namely, that these convulsions as well as the 
paralysis might have been occasioned by oligoemia, We must 
content ourselves with confessing our inability, in the present state 
of science, to decide as to the cuase of the simultaneous convulsions 
in these instances, as well as in effusions of blood into one 
hemisphere of the cerebrum.' 

General convulsions have been seldom observed after the applica- 
tion of a ligature to the carotid. They, however, occurred after an 
operation performed by Abemethy ^ to arrest a profuse htemorrhage 
from the left carotid, which had undergone extensive laceration from 
the thrust of a cow's horn. The first two hours aft^r the operation 
the man was quiet and in the enjoyment of his intellectual powers. 
Then followed fever, delirium, and repeated attacks of convulsions, 
stronger on the left than on the right side, whilst afterwards the right 
side became paralysed, and the left continued convulsed. The 
patient died in strong convulsions thirty hours after the operation. 
The pia mater was found injected, and serum had been effused 
between it and the arachnoid ; the brain exhibited traces of 
and its vesseb are stated to have been " full 



' Tlie attempts of Brown-Sfiquard (' Eiperim. and Clinic. Researches on tlio 
n^siot. and Pathol, of the Spinal Cord,' p, 64) do not appear to ns to eluci- 
e the matter. 
'Surgical Observationa,' p. 193. 
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but not turgid/' It is doubtful whether the case of Zeiss* belongs 
to this category. In a child eighteen months old, whose left 
carotid had been tied for a vascular tumour of the left ear, sudden 
con\iilsions came on nine weeks afterwards, during the period qf 
dentition, and the limbs of the right side became paralysed. The 
child grew thin, and a few days before its death, which took place 
sixteen weeks after the operation, the limbs of the right side became 
alternately stiff from spasms of the extensor muscles, and bent from 
contractions of the flexors ; the vascular tumour had disappeared, 
but the child's emaciated condition was pitiable in the extreme, 
A post-mortem examination was not allowed. 

In a girl eighteen years of age, whose common carotid was tied 
by Sykes,^ hysterical comiilsions came on the same evening, and 
on the following day she was attacked by a violent headache, 
accompanied by depression and restlessness. 

Magendie published in the ' Journal de Physiologic ' the case of a 
girl aged twenty-five years who suffered from attacks of a decidedly 
epileptiform character.^ Being affected with an enormous tumour 
of the left antrum, her left carotid was tied, after she had been 
subjected to a fortnight's previous treatment of low diet and 
venesection. Directly after the operation the patient felt well, but 
soon afterwards suffered from toothache, headache, and dyspnoea, 
to remedy which twenty-four ounces of blood were abstracted. 
An hour afterwards she swooned away. The faintings returned 
on the sixth day, attended with complete loss of consciousness. 
Her right arm became totally paralysed, her left one partially so, 
and she was unable either to swallow or speak; some hours 
afterwards an epileptic attack came on, the head being bent 
backwards, the pupils extremely dilated, saliva flowing from the 
mouth, and consciousness being entirely suspended. At length she 
recovered, but her speech only returned gradually, and it was not 
before the expiration of three months that she was again able to 
move her right arm even in the slightest degree. 

Wattmann * applied a ligature to the right carotid of a farmer 
aged fi%-five years, suffering from disease of the submaxillary 
glands. Directly after the operation spasmodic movements of 

• * Hamb. Zeitschr. fur die ges. Medizin./ 1836, toI. iii, p. 9. 

• 'Fror. Notiren/ 1824. 

• * Jul. u. Gers. Magazin,' vol. xvi, p. 93. 
^ • Salzb. Med.-Chir. Zcitg.,' 185a, p. 3a. 
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the whole body took place, which, however, soon ceased. On 

the following day, he became delirioas and paralysed in the left 

half of his body, and six ounces of blood were abstracted, at three 

different times. The patient died, but no mention is made, either 

h:of the time of his death or of the results of the post-mortem 

namination. 

We will, in conclusion, mention a case by Kuhl,' who tied the 

Irkft common carotid of a powerful man, fifty-three years of age, 

ir an extensive aneurism of the left occipital artery and its branches. 

^e patient was immediately attacked by swooning and convulsions, 

ftnd had to be carried to bed in a state of insensibility. Forty-one 

lays afterwards, the application of a ligature to the other carotid 

I ^was rendered necessary, in consequence of violent hemorrhages 

^.from the tumour. Paleness of the face and slight convulsions 

nsued. The patient's sleep was quiet during the night, only once 

"'or twice disturbed by spasmodic movements of the right arm. The 

next day he complained of heaviness in the head, painful spasmodic 

movements in the right arm, and dimness of sight. His recovery, 

though protracted by hiemorrhages, and suppuration, was eventually 

wmplete fifteen weeks after the second operation. 

Hence it follows, that the tying of the common carotid in man 

|~inay eventuate in paralysis, as weU aa in convidsions — the former of 

one side otdy, the latter general. Paralysis of one side affects the 

limbs of the opposite side and usually the opposite half of the face, 

though sometimes the same, if Sedillot's observation be correct. 

LGeneral paralysis manifests itself by syncope, coma, or, as in the 

Eease related by Magendie, the arm of the opposite side becomes 

"iBOmpletely, that on the same side only partially, paralysed. 

Paralysis may either precede, accompany, or follow convulsions. 
Lateral convulsions are synchronous. General ones may altogether 
put on the character of epileptic attacks, as proved to demonstration 
by the experiments of Magendie and Kuhl; and may come ou 
directly after the operation (according to Wattmann and Knhl), or 
only some hours or even days afterwards {according to Abernetliy 
and Magendie). 

It is consequently a rare occurrence for epOeptic convulsions 

to make their appearance immediately upon the application of 

a ligature to the carotid, whilst in the majority of instances 

' N. Cbevera, loc. oit., p. 1145. Unfortunately I could uot obtain the 
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syncope and paralysis of the side opposite to the one operated on 
will follow. In post-mortem examinations the caiise of this 
paralysis has been traced to ansmia and softening of the cerebral 
hemisphere to a greater or less extent, on the same side as thai 
on which the carotid had been tied, and in all cases which have 
come before our notice of thrombosis of the internal carotid, or 
of the ramus sylvianus, ^ith subsequent softening of the whole 
or greater part of the cerebral hemisphere, the thalamus opticus 
and corjius striatum included, paralysis of one side has been 
obsenred to come on without convulsions in a similar way to an 
apoplectic fit. Hence we arc fully justified in deducing these corol- 
laries, vis. : that epileptic convulsions only manifest themselves in 
mati when, together with the cerebrum, some or all of the parts of 
the encephalic mass lying behind the thalami optici are suddenly 
deprived of blood to a sufficient amount ; but that sudden '' fidling 
down,'' announcing the approach of an apoplectic attack, un* 
consciousness, and insensibility, originate in causes proceeding from 
the brain proper. 




CHAPTER VII, 



INTERRUPTION OF THE CIRCULATION IN THE GREAT ARTE- 
_ ElES OF THE NECK CAUSES ARTERIAL ANEMIA OP THE 
b BRAIN, AND THIB ANEMIA PRODUCES CONVULSIONS. 

■ The controversy as to whether the quantity of blood in the 
brain is susceptible of diminution, or whether the cranium, " as a 
closed, undilating capsule, having a capacity always the same," 
contains a. certain and coustant quantity of blood, may be regarded 
03 finally determined ' by the celebrated experiment of Donders,' 
This physiologist closed air-tight, with a piece of glass, an opening 
made by trephining in the cranium of a rabbit, and clearly 
demonstrated by this process the possibility of a change in the 
diameter of the vessels of the membranes of the brain, as well as of 
those of the brain itself. 

There is no other method that leads with equal certainty to 
the knowledge of the processes of the blood's circulation in the 
cranium. The results of post-mortem examinations afford a great 
source of errors, as we shall explain in the next paragraph. In 
order, therefore, to be certain whether the simultaneous application 
of a ligalure on the carotids and vertebral arteries causes an 
arterial ansemia of the brain, nothing remained for us but to adopt 
Bonders' procedure. But here an unexpected difficulty arose. 
The different cements recommended by Bonders for the air-tight 
insertion of the small glass plate into the wound caused by tre- 
phining, such 03 gum arable and collodion, completely failed in our 
hands, and it appears to us that Bonders was singularly fortunate 
in the experiment as communicated by him, turning out so 
successfully. Collodion, or gutta percha dissolved in chloroform, 
which we employed in the first instance, does not adhere sufficiently 
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Compare Virchow, 'HtUKlb. d«r Palbol.,' vol. i, p. ill. 
Full; related in Scbmidt's ' JatirbiicLer,' 1B51, vol. Izix. 
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to the glass and bone, contracts while drying, and gives way here 
and there, a mishap partly caused (according to Donders) by the 
liquid secreted by the membranes of the bndn trickling through 
the pulverized gum into the gaps between the small plate of 
glass and the edges of the bones. After having tried various 
cements, we at last succeeded three times in cementing the glass 
plate air-tight, by the following method. 

The surface of the frontal part of the cranium of an old and la^e 
rabbit is exposed to a sufficient extent, by cutting the skin into 
four flaps, which are turned backwards, and by completely scraping 
off the periosteum to a great dUtance round. A dry surface of the 
bone is thus obtained, which is of importance as regards a favor- 
able issue to the experiment. A small piece of glass out of a 
watch-glass is then cut, eleven millimetres long, becoming propor- 
tionately narrower from back to front, so that its posterior end 
is nine millimetres wide, the front part eight. This is pressed on 
the surface of the bone, its contour marked on the bone by 
tracing with a pencil round the edges of the glass. Care must be 
taken that the edges of the glass are as straight as possible, and 
that those of its upper surface are ground down to the width 
of one millimetre, which is easily done on a rough sandstone. 
Then the piece of bone which has been marked is cut out with a 
small bone-saw, and the edges made as smooth as possible with a 
pair of bone-nippers, in order to make the piece of glass fit exactly. 

Laying bare the dura mater generally causes a slight bleeding, 
whilst its removal is usually followed by more copious venous 
haemorrhage, which is best arrested by a piece of tinder, or by 
the pressure of the glass itself. After the bleeding has stopped^ 
the glass plate, being perfectly clean, is inserted and allowed 
to remain there. If the brain be somewhat sunk in, a drop 
of water may, according to Bonders' procedure, be dropped upon 
it, in order to prevent any air remaining between the brain and the 
glass plate. Some finely powdered gum is then pressed into the 
gaps, as Donders likewise specifies, and rapidly touched with a red- 
hot iron, in order to dry it. The use of powdered gum has this 
advantage, that the serum which rapidly oozes out becomes collected^ 
and adheres at the same time, whereby the glass is held until 
the proper cement can be applied. The surplus of the powdered 
gum is then blown off from the glass plate and bone. Instead of 
gum powder, a solution of shell-lac well saturated with spirits 
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I of wine may be used to fill up the gaps. Finely powdered shell- 
lac is now thickly sprinkled on the edges of the bone, and lightly 
touched with the red-hot iron. The sheU-lac melts, and imme- 
diately hardeuSj forming a cover fiimly adhering to the glass and 
bone, completely closing the several gaps. The small openings 
may in this way be completely closed. Whether the closing 
be air-tight or not is shown by compressing the innominate artery, 
Lwhile the left subclavian artery is closed. If the smallest open- 
; be present, the brain will sink in, and au air-bubble appear 
rtween the brain and the glass. Upon the compression being 
moved, the brain presses against the glass plate, and air and 
rum come forth through the aperture. In tliis case the fault 
mnat be repaired. If the closure be air-tight, no movement of any 
o be observed in the brain, no air enters when compression 
I made, neither, upon the cessation of the latter, is any serum 
ressed out. 

Before we communicate the results of our experiments with 
lompression when a glass plate has been inserted, it will be neces- 
, for the sake of a better comparison, to relate the results 
t compression on an opened cranium after eight experiments made 
for this purpose. It is a matter of indifl'erence whether 
3 dura mater remains entire or is removed ; the brain sinks in 
■ soon as compression is applied, and retreats from the cranium 
I the shape of a cvp, the dura mater, if preserved, remaining 
losely adherent. The brain cannot, however, retreat so far, when 
tie dura mater is preserved intact, as when the latter is removed 
I lar as the bone cavity extends. In the latter case the brain 
k in one experiment two and a half millimetres in the centre of 
opening. As soon as the brain has become completely 
jale, the smaller veins cease to be visible to the naked eye, the 
i&ore completely the smaller their diameter; while the larger 
veins, which pass across the hemisphere of the cerebrum and 
terminate in the large longitudinal vein over the falx of the brain, 
become one fourth lo one third smaller in diameter, the longi- 
tudinal vein contracting to a less marked degree. If, in ex- 
tensive antemia of the brain, the animal's nostrils be closed, the 
brain and its vessels immediately commence swelling again. 

n convulsions taking place the brain presses more and more 

e fissure of the bone, and even fills it up again, but without 

tug red, although the veins on its surface visibly enlarge. 
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With the cessation of the convulBive attack the veins again be- 
come less swollen ; and yet^ even in death, the brain still lemains 
protruding. 

As soon as the blood begins again to flow, the brain beccmies of a 
deep rose colour, a number of small arterial and venous vessels 
appear, the veins swell beyond their normal size, while the brain, 
exceeding its ordinary bulk, protrudes, into the hole made by 
trephining. 

When the glass plate is inserted air-tight, the symptoms ex- 
hibited in the brain are no longer the same. It is not possible to 
induce further movements in the brain, even though the compres- 
sion be continued imtil death, and the nostrils be closed; or the 
compression be removed, and the brain thereby be intensely con- 
gested. The brain remains, in all cases, immovably fixed to the 
glass plate. The phenomena exhibited by the vessels remain the 
same as those which manifest themselves when the brain has been 
laid bare. On compression being applied, the latter forthwith 
becomes pallid, the smaller vessels cease to be visible to the eye, 
the veins which open into the great longitudinal sinus contract 
with greater or less rapidity to a fourth or even to a third of their 
normal diameters. Whether the longitudinal sinus itself undergoes 
any contraction, remains a matter of uncertainty. 

If, during this period, the nostrils be closed, a distinct swelling 
and an enlargement of the veins ensue. Even when the brain has 
become very pale, and the veins have undergone considerable con- 
traction, yet does not the pale colour of the brain sustain any 
change. 

When convulsions came on, the veins again swelled without the 
brain changing either its colour or position, and this continued 
even till the cessation of the convulsions by death, and, indeed^ for 
some minutes subsequent to the last act of respiration. 

When the circulation was restored, the brain immediately assumed 
a pink colour, a great number of the finest vessels became visible, 
and the veins appeared considerably swollen. 

These experiments, therefore, bear signal testimony to the sound- 
ness of the doctrines which reflect so much credit upon Burrows 
and Bonders, who established them. The doctrine, so highly 
important in practice in the application of bloodletting in cases 
of diseases of the brain, tiat ike quantity of blood in the brain and 
iti membrames can be eenaibly diminiihed, cannot be so clearly de- 
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■ •ffionstrated by any other experiinent aa by the one above mentioned. 
And it is only by that ingenious method, which will for ever 
render illustrious the n»me of DonderB, that reliable information 
can be obtniued as to the state of the cerebral circulation in 
asphyxia, atran^ation, after section of the cervical cords of the 
sympathetic during the ansesthesia from ether, or during inebriation 

^and narcotization by means of morphia, atropine, &c. 
w Aa it regards our special qaestion it is shewn :— tliat compression 
pf the great arteries causes capillary and venous anremia of the 
Wain and its membranes, until convulsions ensue, whereby the 
venous aiiffimia is at least partially removed, without that of the 
capillaries simultaneously ceasing. It is just this latter circumstance 
which leads to the destruction of hfe, since aU organic activity is 
dependent on a constant change of matter, an undisturbed nutrition, 
and the presence of red blood in the capillary vessels. The brain is 
suddenly deprived of its supply, and the required quantity of nutri- 
tive matters to permeat* its tissues and replace what is constantly 
being consumed, is no longer afforded. The brain, therefore, under- 
goes an internal chemical change and injury, which will be mani- 
fested by disturbance of its functions. 

Burrows maintains that this alteration in the functions of the 
brain, attendant upon autemia, is not susceptible of explanation 
upon the hypothesis of the withdrawal of nutrition, but that the 
disturbance is to be ascribed to the usual pressure to which the 
brain was subjected by the heart-pump, and wliich was necessary 
for a regular action of the brain, being no longer kept up. He con- 
sequently adheres to the opinion which Bichat endeavoured to 
establish in his celebrated work ' Sur la Vie et la Mort.' 

Without altogether denying the importance of this pressure, 
we consider it as quite secondary in relation to the question under 
discussion, since these epileptic convulsions occur irrespectively 
in the rabbit both after the removal of considerable portions of 
the cranium and when it has been completely closed. We 
generally found, upon the skuJl being opened, if the esperimenta 
of compression lasted a long time and were frequently repeated, 
that the eon^nilaions gradually appeared later tlian when the skull 
was closed. The assertion, therefore, seems fully justified, Hal 
a aloppage in the lujiply of blood {i.e., the interruption of lAe 
change of matter), and not a sutpenHon of meekanical pressure on 
the brain, ocea»ioni eonvultiom. We beg, in conclusion, to mention 



44 ON CONVULSIONS AFTER H^MORRHAOK. 

an experiment which seems clearly to prove our assumption. In a 
strong black rabbit we first broke off the anterior portion of the 
cranium covering the cerebrum as far as the edges of the orbit 
laterally^ and backwards as far as the transverse sinus; then, 
beginning at the divided membrana obturatoria, we also removed 
the cranium covering the cerebellum laterally as far as possible, 
and anteriorly to the transverse sinus. When, lastly, we removed 
the remaining bridge of cranium over the transverse sinus, and 
the animal was dying from violent heemorrhage from the latter 
blood-vessel, then only, and in spite of the fact that the brain, cere- 
bellum, and medulla oblongata, were so extensively exposed, did 
most frightful convulsions ensue, bearing completely the character 
of an epileptic attack. 



CHAPTER Vm. 

ON THE RESULTS OF POST-MORTEM EXAMINATIONS AFTER 
DEATH BY HAEMORRHAGE AND APPLICATION OF THE 
LIGATURE TO THE GREAT ARTERIES OF THE NECK. 

Aftee death taking place from hsemorrhage, we have always found 
the brains of the rabbits experimented upon of a pale colour ; the 
surfaces obtained by section presented no blood-spots ; the mem- 
branes of the brain^ bones of the cranium^ and soft integuments of 
the head^ were pale; the sinuses and larger veins containing a 
small proportion of blood; and the great arteries at the base of the 
brain a still smaller quantity. 

To demonstrate clearly the fallacy of the doctrines propounded by 
KeUie^ Abercrombie^ and Hammemik^ no better plan can be adopted 
than that of opening two animals simultaneously^ one of which 
shall have died from haemorrhage and the other in the following 
manner : after dividing firstly both cervical branches of the sympa- 
thetic nerve, then applying a ligature to the veins of the neck, and 
(affcer waiting till respiration has considerably diminished, in conse- 
quence of the hypersemia in the cranial cavity which is invari- 
ably present) finally strangUng the animal with a strong piece of 
twine. We delayed the operation of strangling, in one instance, 
until the number of respirations was gradually reduced in the space 
of five hours from 140 to 28. In its last throes the animal's ears 
turned paler, whilst its arteries and veins contracted. 

On examination of the head immediately after death the ears and 
skin of the head still appeared pale. So excessive a hypersemia, 
both of the brain and its membranes and of the sinuses and bones of 
the cranium, had never hitherto come under our observation. The 
blood issued forth from the cut surfaces in quantities such as 
would hardly be seen upon dissecting the brains of living and full- 
blooded rabbits. 

In death from the application of ligatures to the arteries of the 
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head the results of the post-mortem examinations present but one 
uniform feature. We found, in every instance, the substance of the 
brain, as well as those of the medulla oblongata and the upper part 
of the spinal cord, deprived of blood, the cut surfaces without blood- 
spots, and the arteries of the cranium empty ; some larger arteries 
at the base of the cranium excepted, which contained a slight 
quantity of blood. The quantity of blood in the veins, however, 
varied considerably. 

We almost invariably opened the cranium after the last respira- 
tion, or shortly after the last pulsation of the heart. The sinuses, 
as well as the large veins with rigid walls in the roof of the 
cranium near the ears, generally contained even considerable 
quantities of blood. The larger veins and those of medium calibre 
in the pia mater were also frequently scarcely any smaller than in 
the animal trephined whilst alive; but the lesser veins appeared 
to contain very little or no blood. More rarely, perhaps once in 
ten cases, were all the veins of the neck, vertebral column, and 
cranial cavity, found distended with blood. Lastly, all the veins, 
even the sinuses and vertebral veins of the upper third or upper 
two-thirds of the cervical part of the vertebral colunm were some- 
times found to contain very little blood. 

The conclusion, therefore, at which we arrive, is, that, after 
applying ligatures to the arteries of the head, the proportion of 
blood in the cranial cavity is on the average much greater than 
after death from hsemorrhage. But it is in the larger veins more 
especially that we find a more abundant quantity of blood, while 
the finer ones and the arteries contain very little or none. Consi- 
derable hflemorrhages frequently take place after trephining the 
animal when dead, particularly if a vein holding blood be cut, and 
more especially if the heart is still beating. The blood may 
stream out in such an abundance, even if the head be kept 
erect, that the cranial cavity from which the brain has been 
removed frequently will be unable to hold it. This fact, as well as 
the finding of venous hypersemia in the cranial cavity, may be easily 
explained from the following circumstances. 

The closing of the great arteries of the neck in plethoric ftTn'mRla 
causes, in the first instance, hypereemia in the left heart, and then 
in the lungs and right heart. The heart and great blood-vessels 
are consequently found greatly distended, the lungs containing 
much blood and sugillated, frequently oedematous, and, after re- 
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Ppeated experiments with compression, sometimes hepatiy.ed in 

several places, whereby the flow of venous blood into the right 

heart is hindered. In those regions of the body whose veins enter 

the vena cava nearest to the heart, a collection and accumulation 

of venous blood takes place. To these regions especially belong 

the inferior part of the neck, and the dorsal part of the vertebral 

column, the veins of wliich region, in the rabbit, open directly into 

the two superior vente cavse. A greater fluid pressure is exerted 

upon the collected venous blood, and hence tends to flow back again 

&om the greatly distended and gorged vessels of the back and 

Hnferior region of the neck to the less tilled or empty and valveless 

tins of the head. 

With tliis is associated a circumstance of no slight importance, 

■rhich we may, perhaps, designate as a condition of active pressure, 

liilst that just mentioned represents a passive one. The total 

mount of the arterial blood witliheld from the retervoirs of four 

reat arteries of the neck is distribnted among the remaining 

IDS of the body, but not equally so. The greater proportion 

lanst necessarily be conveyed to those arteries situated nearest to 

e place of ligature, i.e., to those given off from the thoracic aorta. 

lie intercostal arteries convey, upon an increased pressure, a greater 

[uantity of red blood to the dorsal and posterior cervical regions ; 

for if the heart still continues to beat vigorously after the last 

breath and when the left ventricle becomes torpid, it becomes 

thereby contracted, and expels its contents. 

The black blood in the veins of the region last referred to is 
tnsequentty placed under a stronger "vis a tergo," whilst it 
Btperiences greater resistance on its way to the heart. It must, 
'therefore, seek an outlet in the direction of the neck and head. 

A third link is added to the chain of eflicient causes in the con- 
vulsive attack and the Inst deep respirations previous to death. 
I During the convulsion respiration completely ceases, the glottis 
ll closed, and the cerebral veins swell, as our eiperiments after 
Ponders' method prove. It may readily be conjectured that by 
Be last deep respirations the quantity of venous blood in the brain 
Bust be diminished, in consequence of the powerful determination 
hnruds the heart and lungs. When, however, the heart and 
tongs, as is generally the case, are already overcharged with blood, 
and the latter have become ceilematous, the effects of inspiration 
will be but slight, while every espiration will necessarily espel 
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considerable quantities of blood from the thorax and dorsal veins 
and drive them to the head. 

In fact^ the experiment so frequently repeated by us shows 
that in dead animals whose crania have been opened^ or whose 
membrana obturatoria have been divided^ large quantities of blood 
can be propelled into the veins of the neck and skull by compres- 
sing the thoracic walls^ or by simple pressure on the diaphragm, even 
if a cord shall have been tied two or three times round and so tightly 
as to make all the veins in the integuments of the neck impermea- 
ble. The blood has therefore of necessity to pass to the head 
tlirough the dorsal and vertebral veins. This experiment always 
answers, pro\ndcd the large vessels of the thorax contain a suffi- 
cient quantity of blood. 

The question, however, arises, whether this experiment avails for 
cases of closed cranium. By taking off the upper part of the 
skull we remove an impediment which acts as a counter-pressure 
against the influx of blood from the vertebral veins. And this was 
certainly the cause of the great hsemorrhages which, soon after the 
cessation of respiration, so frequently took place during the opera- 
tion, from the wounded veins of the skull and brain, in the animals 
which, in the course of our experiments, died of ansemia of the 
brain. 

We may, however, be justified in aifirming, that venous blood 
from the thorax can also enter the closed skull of a dead animal, 
as has been reduced to a certainty in the case of the living one 
both by Donders' experiments and our own. Why should it not be 
possible, that under favorable circumstances, even in death, the liquid 
contents of the skull, the proportion of blood and cerebro-spinal 
fluid, may change ? The possibility of the entire contents of the 
skull being put out of place by an altered position of the tentorium 
cerebelli and membrana obturatoria does not cease with life, 
and the cerebro-spinal fluid can, in a dead animal, be pressed 
more easily into the spinal cavity, because with increasing putre- 
faction, the ligaments between the vertebrae and their integuments 
become softer and more yielding. The conclusion seems irresisti- 
ble, that in living animals, in whom the most vigorous muscular 
apparatus for pressure is active, such as the organs of respiration, 
the heart-pump, and muscular coat of the arteries, such a change may 
take place much more rapidly and easily than in dead ones, espe- 
cially if we date the approach of death from the last pulsation of 
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the heart, and not from the last res])iration. There are, however, 
also in the dead body some considerable dynamical forces, which 
drive the blood towards the head. "We refer to the contraction 
and diminution of the heart, first commencing in the left ventricle, 
consequent upon the rigor mortia; the development of gas in 
the intestinal canal, whereby the diaphragm is pressed upwards, and 
the blood of the hepatic veins and of the inferior vena cava is 
urged towards the right heart and into the superior vena cava, and, 
with a force so much the greater that the rigid abdominal integu- 
ments at first offer resistance to the pressure of the gases. Lastly, 
we refer to the decomposition of the blood, and the development 
of gas in the heart and great vessels themselves. More important, 
however, than these causes acting from within, appears to us, that 
estemal and casual circumstnnce to which the medical man's atten- 
tion is always more directed, namely, the position of the corpse, 
whether it be with the head inclined downwards, or lying on the 
belly and chest, wliereby a pressure is brought to bear upon the 
contents of these cavities. 

Burrows' killed two grown-up rabbits with hydrocyanic acid, 
and, whilst tlie hearts were still beating, suspended one by ita 
ears, and the other by its hind legs. Afttr twenty-four hours 
cords were tightly fastened round the necks of the animals, 
which were placed on the table and opened. In the one sus- 
pended by the ears, all the external parts of the head, the ears, 
eyeballs, and so forth, were pale and flabby; the muscles and 
bones of the skull contained veiy little blood. Upon opening the 
skull, the membranes and substance of the brain appeared pale; 
the sinuses, and other vessels, free from blood. In the second animal, 
suspended by its bind legs, the external parts of the head, the 
muscles, and bones of the skull appeared of a dark colour and full 
of blood; the membranes and vessels of the brain gorged with dark 
liquid blood, the sinuses also filled with dark blood, and the substance 
of the brain uniformly dark and highly congested. To give these 
experiments their full weight. Burrows should have suspended the 
animals only when the heart had ceased to beat. Still fhey are 
instructive, and irrefutably demonstrate that the quantity of blood in 
the brain and its membranes will vary according to the position of 

e body during the bst pulsations of the heart. "We, ourselves, have 
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on several occasions noticed tlie ears of plethoric rabbits^ in which 
we commenced the experiment twenty-four hours after death from 
ligature of the cer\4cal arteries, become of a bluish-red colour 
and turgid ^ith blood, after the head had been in a lower position 
for a length of time, although the ears were extremely pale when 
death took place, and for some time afterwards. The jugular 
veins and their branches, which after the application of the 
ligature had contracted and become almost empty, we have 
found, under these circumstances, gorged with dark blood. The 
veins of tlie neck, of the cranial bones, cervical vertebrae, and mem- 
branes of the brain have been found hypersmic to such a degree, 
tiiat one ignorant of the real cause of death might have easily drawn 
the false conclusion that the animals during life had suffered from 
congestion of the brain, and liad, in consequence, died of apoplexy. 
Tlie brain itself was not hypcrsemic, but of a bluish tinge, and 
soft. 

Engel 1 declares it to be impossible that cadaverous hypostasis 
can take place in the brain and its membranes when the skull re- 
mains closed, and he refers to experiments performed upon human 
bodies which he placed for two hours in a vertical position, the 
head downwards. Extensive hypostasis took place in the skin and^ 
muscles of the face and head, but he could not observe any altera- 
tion in the brain and its membranes, other than would have been 
shown if the bodies had remained in the ordinary posture. 

We do not know whether the experiments performed by Engel 
were sufficiently numerous to entitle him to give such an unqualified 
opinion. At all events it certainly results therefrom that one does 
not so easily and under all circumstances succeed in producing a 
greater fulness in the veins of the skull by keeping the head in a 
downward posture, as has been frequently taken for granted. 

As the quantity of blood in the veins of the cranial cavity may 
undergo alteration, certainly, in the agonies of death, and probably, 
under other favorable conditions, it is evident that it must be very 
difficult and often impossible to form an opinion from the quantity^ 
of blood observed in tie skull after death as to the amount con^ 
tained during life. The greatest impediment, however, is met with 
in the state of the arteries, which, during the period of dying (in. 
the ears of the animal, as seen by us even after section of the 

> ' Darstellang der Leichenench,' p. 17 et seq. 
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^^Faer/i symp&thetici and application of ligatures to the veins, and 
after strangulation), contract and drive their contents with some 
force through the capillaries into the veins. We could never 
deduce any reaulta from the post-mortem examinations undertaken 
with a i"iew to determine the state of fulness before death of the 
most important part* of the vascular system, viz., of the arteries 
and arterial capillaries ; and even in the most favorable instance, 
when similar inquiries were directed towards the veins, our 
resulte could only be looked upon as approximate. It apiiears 
therefore to us to be especially necessary to study carefully the 
state of the brain's circulation in asphyxia, narcosis, intoxication, 
etherization, &c., in the living animal, according to Donders' 
method. 

We have hitherto intentionally abstained from making any 
reference to the state of the cerebro-spinal fluid as it appeared 
in our experiments, for we have not been successful in discovering 
auy method by which the slight quantities of humour contained in 
the cranial and vertebral cavities of these animals could be even 
approximately determined. "We can only confirm the statement 
made by Malgaigne, in his ' Surgical Anatomy,' that in very thin 
rabbits, the exterior part of whose skull was opened during life, 
we found very great quantities of serum and but little blood, whilst 
the opposite condition was observed to hold in well-fed animals. 

In order to determine whether the proportion of serum is in- 
creased by applying hgatures to the arteries of the head, we were 
accustomed, in most of the dead rabbits, before removing the 
roof of the cranium, to divide the muscles of the neck trans- 
versely, to lay bare the lig. obturatorium, and to open the 
fourth ventricle by puncturing through the middle of the latter, 
the head being kept in an upright position. The quantity of 
serum we obtained in this manner amounted generally to a few 
drops, but seldom did a greater quantity issue forth than would 
fill a teaspoon, while sometimes none at all appeared, or it only 
flowed out when the head of the animal was lowered and its 
body placed in a higher posture. The proportion of serum gene- 
rally remained below what wc obtained from a dozen living animals 
in whom we punctured the membrana obturatoria when in the same 
position and whilst the blood was still in free circulation. But here 
it must be carefully observed that during active processes of change, 
even within a few seconds, greater quantities of cerebro-spinal 



62 ON CONVULSIONS AVTER HiEMOBBHAGE. 

fluid may perhaps be secreted than the cerebral ventricles may be 
able to hold at any given time ; and also^ that whilst respiration 
still persists, a certain quantity of water is driven out of the verte- 
bral cavity with every expiration. Estimating the quantity of 
water contained in the brain from the mere appearance of its sur- 
faces, or of cut surfaces in the dead rabbit, does not lead to any 
more satisfactory results. Both the natural surface of the brain 
and that obtained by section, repeatedly presented in those animals 
which died from strangulation, and even in those which died firom 
the application of ligatures to the jugular veins, no more marked 
appearance of moisture than in those which perished from cerebral 
anaemia ; at least no striking difference could be perceived. Berlin * 
also obtained the same results, although he paid but little r^ard 
to them. Larger dogs will probably be better adapted than 
rabbits for investigation on this subject. 

Lastly, the experiments according to the method of Bonders 
did not afford any explanation of the increase and diminution 
of the quantity of serum in the brain and its membranes in arterial 
ansemia or hypersemia. 

There is certainly every justification theoretically for the assump- 
tion that the quantity of serum will increase and decrease inversely 
with the quantity of blood. We were not, however, unfortunately^ 
in a position to establish this doctrine in the rabbit by an instance 
of rapidly increased circulation. Perhaps we should have succeeded 
better if we had compared the specific weight of the brains of such 
animals as had died from haemorrhage with that of those strangled 
by the application of ligatures to the veins. 

* Schmidt's * Jalirbucher,* 1 851, vol. Ixix, p. 14; Nederl, 'Lancet/ Feb., 
1850. 



CHAPTEE IX. 

THE STARTING-POINT OF EPILEPTIC CONVULSIONS FROM 
RAPID AND PROFUSE HAEMORRHAGE IS NOT TO BE 
TRACED TO THE SPINAL CORD. 

Fbom the experiments communicated in the preceding pages, 
positive evidence has been obtained that epileptic convulsions are 
brought about by a rapidly induced anaemia of the nervous centres 
included in the skull. The next question to be solved will be that 
of the state of the spinal cord induced by withholding red blood. 
Mechanical^ caustic, and galvanic irritation of the spinal cord may, 
it is true, produce general and violent convulsions, with persistence 
of consciousness. Does, then, the general abstraction of arterial 
blood act as an excitant on the motor ganglia of the brain as well 
as on those of the spinal cord, or do the former alone consti- 
tute the motor centre from which the impetus to general con- 
vulsions proceeds, whilst the spinal cord acts only as a conductor, 
simply transferring the irritation of the brain to the muscles ? Our 
experiments teach that the latter is the case, tliat the brain and the 
spinal cord react in remarkably different ways against this influence. 
In ten rabbits, differing with respect to age (from four weeks to 
several years), sex,' colour, and species, we tied both subclavian 
arteries at their origins, so that the blood was conveyed to the brain 
through the carotids only. Then the arch of the aorta was tied round 
with a thread (an operation we succeeded in performing without 
injury to the pleura or any other important parts) drawn a little 
forward and compressed with a strong instrument especially con- 
structed for the purpose. It consists of a small pair of forceps, 
named after Charriere, 8*5 centimeters long, its branches crossed at 
their posterior ends, and very elastic, the anterior ends, 3*5 centi- 
meters long, lying closely together, with smooth surfaces, being 

^ The formation of the thorax in the female renders the application of a 
ligature to the areh of the aorta easier than in the male. 
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3*5 millimeters wide, and rounded off at the edges. This instra- 
ment closes the aorta so completely that not a drop of blood can 
pass through it to the posterior part of the body. 

We reserve for another time the description of the symptoms 
caused by compression of the aorta, in respect to the sphincter of the 
anus, the muscles of the intestines and of the bladder. We will 
here only remark, that the sphincter of the anus is affected in the 
same way as are the constrictor muscles of the face in compression of 
the great arteries of the head. It first becomes spasmodically con- 
tracted ; the terminal part of the rectum is thrown into a state of 
complete tenesmus, symptoms which undergo modification after 
some time into those of complete paralysis. The mucous membranes 
of the rectum and vagina turn pale, the circumference of the 
belly suddenly becomes smaller, and by degrees very much 
so (as in death from haemorrhage), while the integuments relax 
and the belly feels very soft. Respiration becomes at once 
slower, and gradually in the direction from back to front weaker 
and weaker. The hinder part of the body soon becomes com- 
pletely paralysed, while the fore legs are only partially so. 

In most of the animals paralysis of the hinder part of the body 
came on without any convulsion. In three of them a short, slight 
trembling preceded; whilst these trembling movements were, in 
one case only, somewhat more rapid, resembling those occurring in 
paralysis tremulans, and lasting for some seconds. Within a few 
seconds, or at the most within from a minute to a minute and a 
half, the paralysis of the hind legs was complete. 

Peculiar movements, similar to those witnessed in chorea, are re- 
gularly observed in the fore legs some time after tying the arch of 
the aorta. One can scarcely at the onset decide whether they are to 
be regarded as the expression of a voluntary endeavour to go for- 
ward, that is, as attempts to escape, or as real convulsions. It 
appears at first sight as if the animals were making efforts to 
escape, but that the fore legs moved for that purpose could not 
follow the direction of the will on account of their partial paralysis, 
and hence the resemblance borne by these movements to those of 
chorea. After waiting some time one becomes convinced that they 
arc involuntary convulsions. The animal suddenly becomes alarmed^ 
its head, mostly held backwards, is turned forwards, the closed eye- 
lids open, the fore legs move more or less violently several times at 
rapid intervals, and step forwards. These movements are frequently 
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Bipeated and are produced by a reflex act wlien the legs are 
Kniched. Between the strouger attacks affecting both fore legs, 
Wiglit convulsive pymptoms are observed in one or the other leg, 
which gradually become less strong and frequent, the animals are no 
BMiger able to keep on their fore legs, or hold the head upright ; and 
Kially, just as in the quivering movements of the hands of 
B^ng persons, a slight convulsive movement is all that is to be 
nbservedj a movement wliich ceases gradually during the last 
ftiinutes of their existence. 

W Death first seizes the animals in the posterior and then in the 
Btaterior parts of the body. First the hind legs become paralysed, 
Hken the fore legs, then the muscles of the neck, and lastly those 
Hi the jaw and face. So, with respect to respiration, the action of 
Hbe abdominal muscles is the first to cease ; then the movements of 
Kie diaphragm and thoras become more and more imperceptible; 
Dually the mouth and nose alone but at short intervals make certain 
Bnolent gasping movements, phenomena as peculiar, as those pre- 
pented by the respiration of the heads of decapitated new-born 
Bibbits. 

I In a gray rabbit, one year old, the last respiration took place 
Blrenty minutes after applying the ligature. Others were subjected 
Bb several experiments by compression, and in these respiration ceased, 
Bkom eight to eighty-one minutes after the last constant compression. 
■3}iBtinct cyanotic symptoms in mouth and nose were observed in 
'^ost of the animals towards the end of their existence. The 
temperature not only of the hind part of the body, but also of the 
head, fell during the entire duration of the interruption in the cir- 
culation. In one case, at a t^'mperature of i8° C. in the room, 
within one hour, that of the rectum became 1 2° C. lower, that of the 
ear 9° C. Tlie heart stopped beating from eight to twenty minutes 
^after the last breath. Consciousness appeared but little disturbed up 
D the last moment. The cavities of the lumbar, dorsal, and cervical 
jertebrff were, in four animals (the subjects of close examination). 
Old of blood, with the exception of a small quantity contained in the 
US plexuses of the vertebrsc ; and it was only in the middle and 
r third of the cervical vertebra, that the vessels in the mem- 
ines of the spinal cord appeared aomewhat fuller, while tlie 
f increased more and more in the direction of the medulla 
ita. We never, however, found an abnormal quantity of 
in the cavity of the skull. The substance of the brain 
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was always either partially or altogether devoid of blood, and 
it was only the veins of the cerebral membranes which contained 
that fluid in greater or less quantity. The heart and lungs presented 
the same characters as in cases where the great arteries of the 
head were tied. 

Upon the circulation being restored, it lasted, after an interrup- 
tion of more than one minute, remarkably long, until paralysis of 
the hind legs had gone off, and their free use had been restored. We 
never in any instance observed the capability of moving to return 
before from five to ten minutes, when the aorta had been closed for 
from three to five minutes ; and it was never completely restored 
after an inter\al of from fifteen to twenty minutes. 

The more frequently these experiments with compression were 
tried, the more difficulty was there experienced in bringing about a 
recovery. A slight t^iitching of some of the muscles in two 
examples announced the return of the power to move. If, there- 
fore, the spinal cord of the rabbit be suddenly deprived of the supply 
of red blood nearly up to the medulla oblongata, the convulsions 
which ensue are never of the same character and violence as those 
which present themselves in death from sudden haemorrhage, or in 
arterial anaemia of the brain ; and thus complete proof is at the same 
time afforded that the source of general convulsions in death from 
haemorrhage is to be sought, not in the spinal cord, but in the 
brain. 

It might perhaps be objected, that convulsions do not ensue 
when the aorta is tied, for the simple reason that the muscles of 
the limbs are at the same time affected by anaemia, and attain too 
speedily a condition which prevents them from responding to the 
impulse given by the spinal cord. That such, however, is not the 
case is taught by the following experiment : Both the subclavian 
arteries of a young rabbit, eight weeks old, were tied near their 
origins and a thread passed round the arch of the aorta. No loss 
of blood nor the slightest painful convulsion took place during the 
whole operation. The animal was then set in an upright position 
and allowed to rest for ten minutes. 

At 1 1 o'clock we closed the carotids. This proceeding was soon 
followed by a violent epileptic attack, and we removed the com- 
pressorium, whereupon the animal rapidly recovered. We now com- 
pressed the arch of the aorta, and suddenly a complete paralysis of 
the hind legs and a partial paralysis of the fore legs came on. The 
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■■eompressoriuni was removed thirtj-aix seconds afterwards, when full 
T power of using the legs was restored in forty-Sve seconds. 

At 1 1 '5 we compressed the arch of the aorta a second time. The 
operation was almost immediately succeeded by complete paralysis 
of the hind legs and partial paralysis of the fore legs. Without 
delay we compressed the carotids, whereupon a violent epileptic 
attack ensued KilAin a few ieconth. Free circulation was allowed 
to return in the carotids and disturbance abated forthwith. 
The aorta, which had remained closed, was then similarly treated 

^fo^ forty-five seconds. Only after the lapse of a minute and 
ft half did free power of moviog the hind legs return. 
[ ii'io. — Compression is kept up on the arch of the aorta for 
one minute, and then only do we close the carotids. Ouly some 
slight convulsive movements in the fore legs take place, the head 
being drawn backwards. The pupils are extremely dilated, the 
breathing of the animal becomes very slow and deep, and death 
appears imminent. The circulation in the carotids is restored after 
their havmg been closed for thirty-six seconds, that in the aorta some- 
what later. The head becomes hyperamic, the fundus oculi of a 
ruby-red colour ; the pupils remain for several seconds extremely 
dilated ; no convulsions follow ; the animal attempts in vain to get 
up on its fore legs. 

K 11-17. — K^"'' ^^g^ ^'"^ sphincter ani still paralysed. 

H I I'iS. — Sphincter ani again closed. 

% 11*19. — '^^ animal commences drawing up its hind legs 
again. 

II' JO. — The hind legs are again drawn up aod the animal can now 
stand upon them. We now again compress the carotids, permitting 
free circulation through the aorta for an entire minute. The animal 
draws nenr its end teitAout being attacked by convulsions. The 
obstruction is removed. Hypertemia of the head with dilatation of 
the pupils lasts twenty seconds ; no convulsive movement. 

1 1 '30. — Iftf again compress tie carotids, and eight seeondi 
a/lfTKards general convulsions appear, although free use of the 
hind legs is not yet re-established to its original extent. Tie source 
of general convulsions in excessive iamorrk-:ge is therefore, tcithout 
any doubt, to be sought milAin the cranium ; and the spinal cord 
aerr.es onlg as a conductor of the motor iwpvlae proceeding from 
the brain. It results at the same time that by the withdrawal of 
blood the spinal cord is easily damaged in its nutrition to such a 
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degree as to be unable any longer to act the part of a con- 
ductor. 

We tested the experiment just mentioned by two others. We 
first tied both subclavian arteries of an old male rabbity then the 
arch of the aorta^ and lastly the carotids. The animal expired under 
ordinary epileptic convulsions. Tlie brain and spinal cord were 
found anirmic^ their membranes and osseous coverings containing 
but little blood ; while both lungs were highly ccdematous^ hyper- 
a^mic^ and sugillated. The hearty whose cavities and coronary 
vessels were fiUed and distended with black blood, continued beat- 
ing vigorously in all its parts even an hour after the last breath. 
Another rabbit of the same age died after compression of the aorta 
had lasted five minutes, the carotids remaining tied, without falling 
into general convulsions ; the ordinary spasmodic movements in the 
muscles of the face being alone perceptible, and the head being 
drawn slightly backwards. Tlie post-mortem examination gave the 
same result as in the former case, with the exception that the heart 
ceased beating sooner. 

These experiments render it probable, in the highest degree, that 
Dr. Marshall Hall' was in error when, on witnessing convulsions in 
death from hemorrhage after division of the spinal cord, he re- 
ferred them to the hsemorrhagc. We suspect that Dr. Marshall 
Hall allowed the haemorrhage to come on directly after he had 
divided the spinal cord, and that he \vTongly ascribed to the loss of 
blood those convulsions which result from the division and irrita- 
tion of the spinal cord. We have repeated Dr. Marshall Hall's 
experiment on two different occasions, and liave obtained results 
strongly corroborating our supposition. 

Experiment i. — In a female rabbit, a year old, of grayish colour^ 
and of very vigorous and lively habits, we laid the innominate artery 
bare, and then divided the spinal cord above the third cervical 
vertebra. The animal did not lose more than about two drachms 
of blood. It was firmly tied by the fore legs, but only very loosely 
by the hind ones. Whilst the spinal cord was being cut 
through, and for some seconds afterwards, the hind legs moved in 
violent clonic spasms, and respiration became simultaneously slow 
and laboured. As soon as the spasms subsided we quickly loosened 
the animal and opened the innominate arteiy, which had already 

^ Compare Introduction. 
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teen laid bare. Black blood issued from the vessels but slowly ; 
the contracted pupils dilated, and the animal died without falling 
into convulsions. 

■ Hxperimeni i. — In a gray, very strong, grown-up female rabbit, 
Kire laid bare the innominate artery, and then divided the spinal 
» cord at the height of the fourth dorsal vertebra, by which operation 
about a drachm of blood was lost. A^'hiie the spinal cord was 
being severed the animal shook violently, and the convulsions of 
the hind legs continued for some seconda afterwards. The animal 
was then loosened, and the hind part of the body was found com- 
pletely paralysed. About three minutes after the severance the 
innominate artery was opened, and red blood issued forth with 
great violence ; thirteen seconds afterwards violent convulsions of 
the fore part of the body took place, attended with dilatation of the 
pupils, which was preceded by great contraction of the iris, and by 
a drawing of the head backwards. One minute and a half after the 
vessel had been wounded, the animal died. The hind part of the 
body preser^'cd the same position in spite of the convulsions of 
its fore part, and it was only after the last breath that the tail 
made some slight quivering movements, and the bladder voided 
some urine. 
V Tlie post-mortem examination showed that in both animals the 
^fcpinal cord had been completely severed. It may be remarked, 
'that in the rabbit the spinal cord enters very far into the sacrum, 
so that in the second experiment a considerable proportion of the 
spinal marrow below the section remained untouched. 

The proof just afforded that the source of epileptic convulsions 
after profuse hiemorrhage, or ligature of the great arteries of 
the neck, is not to be looked for in the spinal cdrd, appears to 
to favour the assumption that these cannot be referred 
the so-called reflex spasms, otherwise why do they not 
■ when so extensive a reflective source as the spinal cord 
(d'affected. Lastly, we may mention that when the spasms after 
morrliage, or hgature of the arteries of the neck, have ceased, 
y often extended spasms can be produced in the form of reflex 
ments, by a mechanical irritation of the internal surface of the 
m, and likewise by diietit irritatioB of the spinal cord. 



CHAPTER X. 

ON THE MODE OF PROCEDURE FOR DETERMINING THE 
CEREBRAL REGION FROM WHENCE GENERAL CONVUL- 
SIONS AFTER PROFUSE HEMORRHAGE, ARISE. 

Having succeeded in solving the problem we proposed to our- 
selves as to whether the starting-point of general convulsions in 
htcmorrhage was to be found in the brain or in the spinal cord, 
we have now to discover the means for solving a second and a 
more difficult one, viz., the dolermining from what particular parts 
of the brain these general convulsions arise. 

The closing of some branches only of the internal carotid or of the 
basilar artery, may be eifccted by unirritating plugs driven into the 
current of the respective vessels; but then it will, in the first 
place, be uncertain whether, by the obstruction of these vessels, the 
districts supplied by them will always be sufficiently deprived of 
blood, considering how great is the number of anastomoses ; secondly, 
the least irritating plug causes a certain degree of inflammation, 
which is not always confined in the blood-vessel to that part of 
its walls where the obstruction takes place ; lastly, we cannot at will 
fix the spot which the embolus has to reach, and it is quite impossible 
simultaneously to deprive the brain, on both sides and in the same 
districts, of its red blood, which for our purposes was indispensable. 

We, therefore, adopted another course. We cut out certain 
districts of the brain, and compared the effects of compressing the 
great arteries of the head before and after this operation. Experi- 
ments were previously made to determine the influence of the 
different preparatory steps of the operation upon the motor force 
which produces the general convulsions; for, before any con- 
fidence could be placed in the results obtained by these excisions, 
it was necessary to prove that these preliminary operations do not 
detract from or even altogether annul the motor force. Only 
under such circumstances, could it be inferred with certainty 
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from the unaltered appearance or non-appearance of the convul- 
sions after the removal of a part of the brain, that this does or 
does not contain the starting-point of the convulsions ; and, from a 
considerable dimiimtion after excision, could it be deduced, with 
great probability, that the removed district of the brain produces 
a part of the force that causes the convulsions. 

It is true we did not possess any other means of comparing the 
force of the convulsions in the different attacks than those alTorded 
by the eye. These, however, were amply sufficient, as in a somewhat 
strong animal the con^'ulsions generally appear within a few 
seconds, and are, even in repeated experiments with compression, if 
not too protracted and recurring too quickly, of such violence, 
that a diminution of them from the influence of a weakening agent 
cannot be mistaken. In any case, however, where suspicions may 
attach to the results of compression, the experiment may be re- 
peated on the same animal ; and, when there is any uncertainty 
as to the results of one excision, the excision may be repeated on 
several animals, and the results compared. 

In excision of parts of the brain, it is impossible to avoid the fol- 
lowing complications : 

I. The skull is removed to a greater extent, and thus the brain 
becomes subject to a different kind of pressure, 

B a. Blood is lost. 

^B 3. Some cerebro-spinal fluid escapes. 

^*'4. The temperature of the brain becomes lower. 

"With regard to the removal of the roof of the skull, it is fre- 
quently not without influence on the motor action. It is true 
that some ammals seem scarcely or not at all weakened by it, but 
others fall for a shorter or longer time, even when the loss of blood 
has been inconsiderable, into a state of paralysis resembling faint- 
ness, or into a cataleptic stiffness, in which the limbs retain the posi- 
tion assigned to them. Sometimes these conditions pass off rapidly, 
the animals recovering in a few minutes, whilst at other times 
they last longer. This influence must, however, be regarded as 
unimportant in reference to our question, since the violence of the 
general con\Til3ion3 after compression of the arteries of the neck, 
or after hfemorrhage, was not affected in more than twelve experi- 
ments, in which we paid especial attention to this point. We 
refer also to the results of our experiment previously communicated, 
in which tlic entire roof of the skull was removed, and the liEemor- 
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rliagc was, nevertheless, accompanied by mosti firiglitfiJ convul- 
sions. 

The same phenomena present themselves when the cerebrospinal 
fluid flows away. If an incision be made in the membrana obtu- 
ratoria, and as much serum as possible be allowed to flow off (an 
exporimcut we have performed three several times), the animal be- 
comes weakened, it is true, but the convulsions produced by the 
anirmic state of the brain attain their former degree of intensity. 

Kxcision of parts of the brain is always accompanied by. loss of 
blood. The brain is an organ containing a very great quantity of 
blood, and what, in the dead subject, we generally call abundance of 
blood, wouhl in the brain of the living be considered as scarcity of 
blood. There are, how.evcr, several ways of preventing exhausting, 
losses of blood. In the first place the rabbits must not be. 
fed altogether on green food, but for some days previous to the , 
experiment they must have almost exclusively dry nourishment^ 
such as vetches, oats, &c. In tliis way. the easily coagulable 
blood of the rabbit is rendered much more so. After trephining^ 
which, if carefully performed, rarely causes a great loss of blood 
(and a small loss is of no consequence whatever), the innominat4^ . 
artery has to be tied on a small piece of soft amadou in order that 
no more blood may ])ass through the blood-vessel. The thread; 
can afterwards easily be cut at any time on the amadou with a pair 
of scissors, the ligature loosened, and the brain thereby thoroughly 
inundated, without any fear of wounding the artery. From the 
one v(Ttel)ral artery the brain of the rabbit continues to re- 
ceive a suflicieut quantity of blood; upon compressing .the left 
subclavian artery convulsions manifest themselves for some time 
with still greater violence, and now the whole exterior, portion 
of the brain up to the vicinity of the corpora quadrigemina may 
be removed, if necessary, from the cranial cavity, without large 
and exhausting losses of blood being sustained. The blood accor. 
mulatcd in the cranial cavity is best removed with, pieces of 
prepared amadou fastened to a pair of forceps. Moderate losses of 
blood, which still take place notwithstanding, are scarcely un- 
desirable, since they afford a certain security against hyperscmia and 
a:dema of the lungs, easily produced by applying a ligature to the 
innominate artery. In order to determine the effects of copious 
ai^ exhamiing losses of bbod on the. force of the convulsipiii- 
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occasioned by compression of the arteries of the neck (we already 
Icnew that smaller losses of from two to three drat-hma were of no 
importance), we performed the tliree following experiraents : 

Erperimeni i. — A white, female, well-fed rabbit, ten weeks 
old, and weighing one pound nine ounces and a quarter, Tlie left 
subclavian artery is tied, the innominate artery compressed. 
"Violent convulsions take place. The right carotid is then tied and 
"Svided above the ligature. The blood first spouts forth and after- 
r^ds drops out. In the course of half an hour five drachms of 
tlood are gradually withdrawn. The animal is put in an upright 
position. Is in a very weak state ; the belly tolerably sonk in ; the 
pupils very dilated ; the fundus of the eye, however, of a red colour, 
•nd the animal still able to sit upright. 

Ten minutes later, forty minutes after the commencement of 

lesection, the innominate artery ia compressed. The animal 
leaps forward with great force, and falls into violent convulsions. 
Upon loosening the compressorium, consciousness returns, but 
slowly. Ten minutes later, the attempt to abstract some blood 
iiom the animal is renewed, whereby the left carotid is lacerated 
below the place where the ligature is applied, and the animal dies 
from hBemorrhage, terribly convulsed. As the animal was tied by 
its fore legs, we were able to collect all the blood which issued 
forth. Only a few drops were found in the left heart. The total 
amount of blood lost by the animal in all the htemorrhages was 
ivea drachms and a half. The last attack came on when the 
had altogether lost six. 

In spite, therefore, of a gradual, copious, and debilitating loss of 
Uood taking place within half an hour, ten minutes afterwards hy 
compressing the arteries of the head, and twenty minutes after- 
wards by htemorrhage, the most violent convulsions were produced, 

ly equal to those wliich had preceded. 

\JStpenmeHi a. — A white, female, well-fed rabbit, about ten weeks 
le pound seven ounces and three quarters ; tempera- 
e of the rectum 39° C, temperature of the room 15° C. 
^ I left subclavian artery is tied, and the innominate artery 
re, by which operation only a few drops of blood are lost. 
jnt coavulsiona ensue within twenty-one seconds after com- 
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pressing the innominate. Upon removing the compression the 
animal remains for nineteen seconds in a state resembling paralysis^ 
when it springs up suddenly. 

10*34 o'clock. — ^The right carotid is tied and opened above the 
ligature, and half an ounce of blood is voided within forty-two 
minutes. 

At 11*20 the animal appears very much weakened and ex- 
hausted, its belly has become perceptibly smaller and softer^ and 
it is only with difficulty that it keeps upon its legs. Placed upon 
its hind legs for five minutes, and held up by its neck, it does not 
fall into convulsions. 

11*30. — Compression of the innominate artery. The convul- 
sions appear ten seconds afterwards, and are somewhat weaker 
than before the haemorrhage. Tlie animal raises itself again twenty- 
seven seconds after the compression has been removed. 

11*55. — Temperature of the rectum 33'4** C, temperature of 
the room 15° C. 

1 2* 20 and 12*30. — Compression of the innominate artery. The 
convulsions are considerably weaker than before, and manifest them- 
selves for the first time after an interval of nine seconds ; the second 
time after an interval of sixteen seconds. The animal rises each 
time soon after removal of the compression, but still remains for 
a time in a half paralysed state. 

12*33. — ^Temperature of the rectum 31*6® C, temperature of 
the room 13° C. 

1*8. — ^Tlie animal gets restless and trembles occasionally, having 
up to this time remained vcn' quiet, and as it were stunned. 

I* 16. — Compression. Tlie animal is attacked by very violent 
convulsions, scarcely less severe than those which preceded the 
hoemorrhage. The animal is now, at inten^als of from three to five 
minutes, repeatedly assailed with attacks of general and vehement 
shaking, whereby the head is drawn back, the fore legs move 
spasmodically, and the whole body trembles. 

1*30. — ^Temperature of the rectum 29° C, temperature of the 
room 13° C. 

1*55. — The spasmodic movements have ceased for the past twenty 
minutes, respiration is deep and slow (fifty-six inspirations a 
minute) ; the animal is quiet, and so exhausted that it can no 
longer hold up its head. 
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S'j. — ^Temperature of the rectum 27'8° C. ; temperature of the 
room I3''C. The animal lies on its side. 

3'8. — Compression brings on such violent convulsions, that the 
animal is tlirown over, head forwards, and falls off the table. 
Tliis attack is, moreover, very little weaker than that preceding the 
loss of blood. Upon restoration of the circulation the animal utters 
cries, and recovers with great difficulty. 

2'i6. — Respiration 36, deep and distressed. Rectum 27° C. 
The animal is now killed by compression of the innominate, whereby, 
moreover, it suffers from an attack of slight, but general con- 
vulsions. 

In this case we observe that, after a copious, gradual, and very 
weakening loss of blood, sustained during an interval of forty-two 
minutes, the convulsions were slighter, immediately upon the com- 
mencement of the htemorrhage, and in an hour after, than they 
were previous to it; but became very violent three hours after- 
wards, and even after an interval of three hours and three quarters, 
the animal, uevertheless, being in a state of great exhaustion. 

Experiment 3. — A white male, very well-fed, nnd fat rabbit, 
about t«n months old, weigliing two pounds seven ounces. Tem- 
perature of the rectum 40° C. 

ii'ij o'clock. — Left subclavian artery tied; innominaf« artery 
laid bare. Compression performed with the usual result. 

II '30. — Within six minutes, five and a quarter drachms of 
blood are taken from the right carotid in the manner repeatedly 
described by us. The mucous membranes of the animal are pale, 
but it is still very lively. E«spu-ation was generally accelerated 
during venesection. 

ir38, — Compression of the innominate causes strong convul- 
sions, which are, however, weaker than before the loss of blood. 
When circulation is restored, the animal recovers slowly, remains 
still for some time, lying as iu a swoon, and then it jumps 
suddenly up. It feels very cold. 

12, — An experiment with compression induces convulsions as 
violent as before the loss of blood, 

i2'io. — Another drachm of blood is abstracted. Compression 
now causes very violent convulsions, 

1 2'20' — A drachm and a half of red blood is further taken from 
the carotid. 
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12.28. — Compression produces very violent convulsions. 

1 2*38. — One drnclim of blood is abstracted. Exhanstion com- 
plete. Pupils dilated and pale. The animal is unable to sit, and 
can no longer hold up its head. The belly has become very small 
and soft. 

12*43 ^^^ ^*'53" — Compression produces each time very strong 
convulsions, which are preceded by complete opisthotonos. 

Between the experiments the left fore 1^ sometimes moves spas- 
modically. 

I '6. — ^The animal lies on its side, breathing 120 times in a 
minute. Kectum 31*6° C. Temperature of the room as before. 
The animal voids some urine. 

1*18. — Compression. The animal still falls into convulsions, 
but their violence is much diminished. The compression is removed, 
but the convulsions still continue ; the animal breathes rarely and 
distressedly, makes some spasmodic movements, voids urine, and 
dies. After the last breath the legs once more move convulsively. 
Quantity of blood abstracted eight drachms and three quarters. 

Despite the repeated and exhausting losses of blood, very 
violent convulsions appeared after the numerous compressions, and 
the convulsions were weaker than before the carotid was opened^ 
only after the first loss of blood, and again, when compression was 
applied for the last time. 

To these experiments we add a fourth one, in which we endea- 
voured to determine the influence of refrigeration applied simulta- 
neously with excision of parts of the brain, and which will appear 
to be considerable, resulting, as it did, both from the losses of 
blood as well as from the la\ing bare of the brain and the applica- 
tion of cold water (of which, however, we used as little as possible). 

Experiment 4. — ^A white, female, well-fed rabbit, about twelve 
weeks old, weighing one pound fifteen ounces and a quarter. Tem- 
perature of the rectum 40° C, temperature of the room, 

lo-io o'clock. — The left subclavian artery is tied, the innominate 
laid bare. 

io'i8. — ^Violent convulsions manifest themselves upon compres- 
sion of the innominate. 

io'30. — Bemoval of the roof of the skull covering the cerebrum, 
to the greatest possible extent. 
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io'42 to io'47. — Two (IracUras of blood taken from fixp, right 
carotid. The animal is put on ita legs. 

I o'_57. ^-Compression causes convulsions as nolent as bpfore 
the skull was opened. 

L ii'i5 to ii'ao. — One and a quarter drachms of blood abstracted. 
W- The brain is cooled by applying snow from ii"ia to ii'30. 

I I -30. — Compression. The animal falls into violent convulsions, 
commencing with a violent leap. The refrigeration with snow is 
conliinied. 

1 1 "36. — The animal is eicessively cold. The veins of the mem- 
branea of the brain are opened, and about a quarter of a dracbm of 
blood taken away. Snow again applied. 

I a. — Compression causes violent convulsions. Snow again applied. 

iz'ij. — Abstraction of one and a half drachms of red blood from 
the right carotid, and until convulsions appear. The animal becomes 
subsequently exceedingly weak {it lost live drachms of blood alto- 
gether,) and can no longer raise its body. Bespiration quick. 
Snow is again applied. 

ia'3o. — Compression brings on convulsions, but of less violence 
than the previous ones. Temperature of rectum 36° C-, tempera- 
ture of room 15° C. B«Dewed application of anow. The animal 
f reserves its lateral position, and breathes slowly, 

1 o'clock. — Compression induces an epileptic attack, which is 
than the former ones, but still tolerably violent. Continua- 
tion of cooling with !>now. 

i'45. — The innominate artery is tied. The head is drawn back- 
wards; the hind legs are extended; slight convulsive movements 
of the limbs ensue, and are followed by death. Temperature of 
the rectum 3r6°C. 

The brain appeared at the post-mortem examination exceedingly 
pale, and the cranial cavity remarkably deficient in blood. Nothing 

lonnal was noticeable in the lungs. 

L It is certainly extremely remarkable that the susceptibility to 
mvulsions, and to such violent ones, should have persisted so long 
■ time, notwithstanding that the brain of the animal was constantly 
sed to the influences of cold, and that great losses of blood were 
Bultaneously sustained. Tlie attacks still exhibited great violence 
1 hour and a half after the removal of the skuU ; and even after 
D hours, when the exhausted animal conld no longer keep upon 
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its legs, they broke out again with great though diminished 
intensity. Only three hours and a quarter afterwards, when the 
animal was near death, was its motor power completely ex- 
tinguished. 

Compression of the arteries of the head, in the rabbit, is there- 
fore capable of causing violent convulsions even after large and 
exhausting losses of blood, with or without simultaneous exposure 
and cooling of the brain. The spasms can be repeatedly induced 
in tho spnco of frt)m one to two hours, the time required for the 
expcirimonts by rxrision. This, however, is not invariably the case. 
Thn eonvuUions mv wm^otimrs slight, though no satisfactory law 
can br U\\\ tlown to iirot>unt for this irrrguliurity. 

To t)bviAtn fulUoUMis n^uU*, wr thciviw determined to make 
use {it sttt>ug ninmMs onl^v, im\\\ \<h n^jaiti such experiments by 
t)X(niMou AH t/Jiwwx^ vM\isU)f' m%\ ^x^i^ixt^^ wUwf the inevitable haemor- 
rlmgt^ was nuH<i\fnti^-*wot r.xctHHliwg. in young animals of from ten 
to twt^uty wwks ij»t twi> dmchms^ in older ones, from three to four 
ilraehuis, quantities which a slight experience enables one readily to 
estimate — and where no symptoms of general anaemia (paleness of 
the mucous membranes, softness and diminution in the size of the 
belly) appeared. Further, we allowed shorter or more protracted 
intervals to elapse between the several acts of operation and com- 
pression, to afford the animals every chance of recoveiy. Com- 
pression was many times repeated in Uie same individual at greater 
intervals, that the several results might be checked the one by 
the other; and, finally, death was often brought on by haemonrhage 
(wounding the innominate), instead of the application of the liga- 
ture. As a rule, our first experiments with oompressi<m were per- 
formed on the left subclavian artery, the innominate hong uniformly 
closed; but the latter was aft^waids freed, for the purpose of 
affording more nourishment to the brain. This method gieneraUy 
gave rise to efiusions of blood, though Tarely of an extensive 
nature, into the cranial cavitv. After some time the kft sub- 
davian arteiT was tied, when compression was more oonvaiiaitly 
repeated on the innominate. 
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CHAPTER XI. 

ON THE RELATIVE IMPORTANCE OF THE SEVERAL PARTS 
OP THE BRAIN IN PRODUCING GENERAL CONVULSIONS 
UPON ABSTRACTION OF ARTERIAL BLOOD. 

Out of more than twenty experiments whicli we performed for 
the purpose of tracing the source of general convulsions, we were 
entitled, in accordance with the principles laid down in the last 
chapter, to consider fifteen as successful and decisive. Their chief 
result is tAat general contmhions arising either from profuse hamor^ 
tkage or from closure of the great arteries of the necJe^ do not proceed 
from ike non-excitable^ but from the excitable parts of the brain. 
Our experiments on the rabbit lead therefore to the sam«5 conclusion 
which the researches in the sixth chapter have made exceed- 
ingly probable in the case of human beings. Convulsions in 
epileptic attacks sequential to the abstraction of red blood, do 
not proceed from the cerebrum properly so called, but from the 
motor centres situated behind the thalami optici, the excitation being 
induced by a sudden arrest of nutrition. 

Numerous experiments liave taught us that large pieces can be 
removed from one or from both cerebral hemispheres, without the 
violence of the convulsions sustaining any diminution. Six parti- 
cularly successful ones fully assured us — 

(i) That the removal, of one or 

(a) of both cerebral hemispheres, together with the corpus cal- 
losum; 

(3) of the fornix and anterior commissure, as weU as the 

comua ammonis ; 

(4) of the corpora striata; 

(5) of the pituitary gland, with the greater part of the tuber 

cinereum; and 

(6) of the pineal gland. 
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does not exercise any influence upon either the production, or 
the violence of general convulsions. The source of the motor 
force is not to be found in these parts. As regards the thalami 
optici, we have ascertained, in four very successful experiments, 
that considerable pieces on both sides may be cut oflf from their 
superficial non-excitable parts, from the gray portion turned towards 
the third ventricle, as well as from the white substance of the 
external pulvinar and the corpora geniculata, together with the 
tractus opticus, without the strength of the convulsions per- 
ceptibly diminishing ; but that such diminution will take place as 
soon as the excitable and deeper-seated portions are wounded, and 
pieces removed therefrom. 

If the crura cerebri are removed in great slices or almost com- 
pletely, together with the anterior corpora quadrigemina up to the 
pons, the liability of the animal to fall into convulsions, when 
blood is withdrawn, is by no means annulled, but only considerably 
impaired ; and ihe spasms are sometimes confined to the hind legs, 
as we are justified in concluding from four experiments. 

Finally, one experiment appears to be in favour of the belief 
that the removal of excitable pieces of the cerebellum likewise 
decreases the force of the convulsions. We omit giving fall details 
of all our experiments, but restrict ourselves, to avoid prolixity, 
to an accurate description of the most remarkable and decisive 
ones. 

Experiment i. — Excision of the cerebrum up to the thalami 
optici. The spasms bring on premature labour, — ^A large, white 
female rabbit, weighing three and a quarter pounds. 

3*40 o'clock. — ^The arteries of the neck are laid bare. 

3-50. — ^The isolation of the innominate artery and of the left 
subclavian artery is completed, and threads are applied around these 
vessels. No loss of blood. The animal is made to sit up, and is 
lively. 

3*55- — Compression of the arteries causes general and violent 
convulsions within a few seconds. 

4. — ^The roof of the skull in its anterior circumference is removed 
with moderate loss of blood ; the innominate artery is tied on a 
small piece of amadou ; and 

At 4-17 the dura mater is removed. The entire quantity of blood 
lost up to this time amounts to about a drachm and a half. The 
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lal is but little affecttd, nor does it exhibit any symptoms of 
[pefactioii or paralysis. 

2 (o'clock.- — The left aubclaviau artery ia compressed; six 
mds afterwards general convulsions occur, 

4'24. — The removal of the brain by means of a spoon and scissors 

commenced ; and 

At 4-28 both hemispheres of the cerebrum, the corpus callofoim, 
the fornix, and both corpora striata, had been entirely removed, as the 
post-mortem examination afterwards confirms. The tractus opticus 
and the optic nerves are well protected on botii sides, as well as the 
tuber cinereum. The incision has been made exactly on the anterior 
limit of the thalami optici and downwardfi along the optic nerves. 
The pineal gland is torn off. During the removal of the brain 
the animal, although not tied, did not make any convulsive move- 
meDt or attempt to escape, nor show any sign of suffering, but 
appeared greatly stupefied, and fell down. Put upon its legs, it was 
still able to stand, though no longer with its former strength ; and, 
laid down upon the floor, it remained quietly, and " all of a heap," 
without making any effort to escape. The loss of blood during the 
remov'al of the brain was extremely small, perhaps half a drachm 
^together. Some drops of blood gradually collected afterwards in 
the anterior cavity of the skull. 

4-32. — Compression of the left subclavian artery. Five seconds 
afterwards strong comndsive shocks succeed; compression is sus- 
pended, and tbe animal sinks again into a fainting state. 

4-37. — Compression of tbe left subclavian artery. After five 
seconds a violent attack of spasms commences, in which the animal 
is seized with premature labour and expels two fmtuses, one of 
which tries to breathe. Upon relaxing the compression it utters 
alow moans during the act of parturition. 

4-40. — The ligature on tbe innominate is relaxed in order to 
supply the brain with more blood. The fundi of the eyes become 
darker ; very httle blood is lost within the skull, but the animal 

r-ioes not recover from its state of faintness. 

4-48. — Tbe iimominate is wounded and the animal dies from 

miorrhage. Previous to death, and sevenly seconds after tbe 

iction of the wound, general convulsions of the most violent 

description come on, so that the animal is thrown from tbe table, 

and for fifty seconds struggles convulsed on the floor. 

4*50. — The last respirations take place. Not a drop of blood 
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appears under the pons or in the medulla oblongata. No pneu- 
mothorax nor oedema of the lungs. Three foetuses are found in 
the comua of the uterus. 

Messrs. Payenstecher, M.D., Schiel, Ph.D., and Eeichert, Student 
of Medicine, were witnesses of this experiment. Just as in the 
human female, eclampsia gravidarum causes premature labour, and 
thus becomes eclampsia parturientium, so in the pregnant animal 
have ioe seen premature labour come on under the influence of an 
epileptic attach produced in the course of an of experiment. 

Eutpmment 2. — Ilxcision of the cerebrum up to the thalami optici. 
— ^A white, male and very strong rabbit, about a year old, weighing 
two pounds nine ounces. 

10*15 o'clock. — ^The great arteries of the neck are laid bare, and 
threads placed round them. No loss of blood. Compression 
causes violent convulsions within six seconds. 

10*30. — ^The anterior part of the roof of the skull is broken 
off to a great extent, and the dura mater removed without any 
great loss of blood. The animal appears afterwards somewhat 
stupefied and paralysed. 

10*40. — Compression brings on violent general convulsions within 
six seconds. 

10*43. — ^ ligature is applied to the innominate on amadou. 

10*45. — ^The right portion of the cerebrum is completely 
removed up to the anterior margin of the thalamus opticus. A 
moderate haemorrhage ensues. The animal appears still more 
stupefied and weaker than before. 

10*50. — Compression of the left subclavian artery. In a few 
minutes the animal is attacked with such violent convulsions that 
it is flung to a distance over the table. 

10*54. — ^The left half of the cerebrum is likewise removed dose 
up to the thalamus opticus. Moderate haemorrhage. Up to the 
present time the animal has lost at the most two drachms of blood. 
The incision is made through the tractus opticus on both sides, 
through the tuber cinereum downwards, and separates the hypo- 
physis cerebri. The animal neither moans nor even once stirs ; on 
the contrary, it is completely paralysed, continues lying on its belly, 
and makes no attempt at escape. The limbs continue in any position 
in which they are placed. 
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1 1 o'clock. — Compression of the left subclavian artery. General 
(dent convulsions ensue. The innominate is freed ; the fundus 

e eye turns of a dark-red colour. Tlie animal loses within the 
nest twenty minutes about one drachm of blood. 

11- lo. — Tlie iunominat* and left subclavian artery arc tied. The 
animal rapidly falls into frightful and general convulsions, which 
last for a minute and a half, and towards their termination arc 
internipted by tetanic spasms. At the conclusion of the attack the 
animal cries out loudly, voids urine, and begins afterwards to 
breathe quickly, until respiration becomes slower at ii-2o. 

ii'2i. — A thermometer is introduced into the rectum, where- 
upon general violent clonic convulsions ensue, and finally the hind 
I legs are seized with tetanic rigidity. 
I ii'23. — Bespiraliou ceases. The crura cerebelli are irritated 
jlith a knife, and a violent and general convulsion succeeds. 
In this cose also no blood was effused below the pons or medulla 
ifalongata; the lungs appeared in some places hypeTsemic, but 
Jtowhere osdematous. 
'- £jperiment 3, — ExcUion of tie cerehrvm and thalami opttei to 
Me limits of the excitable dUtricU. — A white female rabbit, ten to 
twelve weeks old, weighing one pound ten ounces and three 
quarters. 

ii-a5 o'clock. — The arteries of the neck are laid bare without 
any loss of blood, and surrounded by a tliread. 

■36. — The skull is opened and the dura mater cut away. The 
' loses a moderate quantity of blood, and falla into a state of 
ikness, which lasts for some time, 

11-45. — The innominate is tied on amadou; the left subcUvian 
compressed ; violent convulsions ensue. 

12 o'clock. — The whole of the cerebrum anterior to the thalami 
;ici is removed, and the latter are then cut off in slices 

ith a pair of scissors from the outside, upwards and forwards 

the interior and inferior portions, until the excitable parts 

reached, which becomes apparent from a sudden convulsive 

lotion of the animal. Thus are removed on both sides the gray 

xabstancc covering the thalami optici, the white lateral elevations 

(pulvinar, &c.), together with the tractus opticus. At the base of 

the brain the incision is made through the middle of the tuber cine- 
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reum. The loss of blood amounts to &om one and a half to two 
drachms. The animal becomes blind, the pupils dilate considerably 
(nn. oculo-motorii and quinti intact, as shown at the post-mortem 
examination) ; it assumes a strange position, which indicates that 
the animal has no longer the free use of its limbs. One fore leg is 
extended, the other is bent, and the hind legs become drawn very 
much forward under the belly. If touched, the animal makes some 
rapid but unsuccessful movements as though trying to escape. 
Plac^ upon its legs, it keeps upright only with difBculty, and soon 
falls upon its side. Respiration regular, ninety-six per minute. 

12*8. — Compression produces very strong general convulsions, 
scarcely weaker than the previous ones. Upon the cessation of 
these the animal remains quietly lying on its side. 

1 2' 20. — Compression. The convulsions re-appear in full force, 
and continue for some seconds after the circulation is restored. 

12*30. — ^The ligature on the innominate is loosened without any 
perceptible hsemorrhage occurring in the skull. The background 
of the eye has a dark-red tinge. After a short time the animal 
jumps up, but falls down again on its fore legs, while it still keeps 
on its hind legs. Bespiration gets deeper and by degrees very 
difficult, (probably from the pressure of the extravasated blood, 
gradually exerted at the base of the skull on the medulla 
oblongata). 

1 2*38. — ^The arteries are tied; the animal expires in weak and 
short, but general convulsions. Coagula are found below the 
pons and medulla oblongata. No pneumothorax. The lungs 
exhibit some portions about the size of a lentil which are con- 
densed, dark brown, and several of them hyper»mic, but more 
of them, oedematous. The heart still beats at 1*30. 

Estperiment 4. — ^Exactly similar results were obtained from an 
experiment performed in the same manner on a male rabbit weigh- 
ing one pound fifteen ounces. 

Experiment 5. — Excision of the cerebrum, of a part of the 
thalami optid, Qnd slight wounding of the right cms cerebri. — ^A 
large, vigorous, female rabbit, which kindled only a fortnight pre- 
viously, but does not suckle, weighing three pounds two ounces 
and a half. 

37 o'clock. — ^The arteries of the neck are laid bare. 
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3*30. — ^They are smroimded with threads, and the animal is made 
to ait up. 

3*34. — Gompresflion of the arteries causes, after nine seconds, 
moderately strong general convulsions. 

3'59. — ^The anterior part of the skull is removed. The animal 
does not appear stupefied in consequence; the hemorrhage is 
alight. 

4*6. — ^The innominate artery is tied, and the dura mater removed. 

4' 16 o'clock. — Compression of the left subclavian artery gives rise 
to moderately strong convulsions within ten seconds. The animal 
is slow in recovering. 

4*2 1. — ^The cerebrum is cut off anterior to the thalami optici. 
The tractus opticus is removed on both sides, together with 
the white rounded elevations on the external and posterior parts 
of the thalami optici, as well as a portion of the gray substance 
covering the internal part of the thalami. The incision is next 
carried downwards, through the posterior third of the tuber 
dnereum, and passes on the right side, (the animal meanwhile 
suffering violent convulsive movements) near the median line, 
somewhat farther back than on the left side. The animal 
repeatedly turns its head to the right side, and at first keeps its 
left leg somewhat more extended, but suddenly makes a violent 
effort to escape, having previously appeared to be in a state of 
quiet stupefaction. It is then placed on the floor, where it be- 
comes calmer; but, if scared, straightway springs up, describing 
greater or smaller curves in a direction to the right. The loss 
of blood is slight, amounting on the whole to about two drachms. 

4*36. — ^The innominate wrtery is liberated, causing a very trifling 
bleeding within the skull. 

4'4i. — ^Application of a ligature to the left subclavian. 

4'4a. — Compression of the innominate, followed almost imme- 
diately by moderately strong and general convulsions. Upon now 
again opening the carotid the animal loses about half a drachm of 
blood from the cranial cavity. 

4*48. — Compression. Fifteen seconds afterwards violent convul- 
sions. 

4*50.^— Placed upon its legs, the animal runs about the room 
in a curved direction, endeavouring to escape. 

4*55. — ^The innominate artery is punctured. General convulsions 
ensue in thirty seconds. Tliey are of long continuance, and so 
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' violent, that it cannot be well ascertained whether any considerable 
part of the source of motor power has been removed with the 
portions of the brain that have been cot off. Two minutes and t«i 
seconds after the opening of the innominate artery the animal 
breathes its last. 

No extravasation of blood below the pons and medulla oblongata. 

I No cedema of the lungs or pneumothorax. The right inferior lobe 
of the lungs is in some places of a bluish-red colour, but contains air. 

Experiment 6. — Esreiiion of the cerebrum, of the anterior part of 
tie thalami opttci, of the hypophysig cerebri, an<i of a small portion of 
thermit cruiccrebri. — A white, female and rather attenuated rabbit, 
twelve weeks old, weighing one and a half pound. 

iO"50 o'clock. — ^Tlie operation of laying bare the arteries of the 
neck is completed, from wliich the animal has experienced a slight 
loss of arterial blood. Compression produces active convulsions, 

11-3. — The innominate artery is tied, the skull opened, and the 
brain exposed, whereby more than the usual quantity of water 
flows away, but very little blood is lost. The animal appears 
weakened, and the fundus of the eye on both sides is very pale. 
The hemispheres of the cerebrum are removed np to the thalumi 
optici without any indication of pain or convulsions. 

jf8. — An incision is made tlirough the middle of the right 
thalamus opticus, in front and in a downward direction, in con- 
sequence of which the animal, whose fore legs are tied, moves 
the left hind leg \'igorously. An incision is Hkewise made in the 
same direction through the left thalamus opticus, but a little 
more in front, which is quietly borne by the animal. The pulvinar 
and the posterior part of the tractus opticus remain untouched. 
At the base the incision completely severs tlie tuber cinereum 
just anterior to the corpus albicans. On the right aide the incision 
is carried further backwards than on the left, reaching up to the an- 
terior part of the crus cerebri. The hemorrhage is slight. 

Tlie animal is loosened. It cannot keep on its legs when set 
npon them. The left fore leg is extended tetanically ; the three 
other ones are paralysed, and it is unable to keep its head erect. 
When touched, it tries to escape with its hind legs and right fore 
leg, but is unable to move from its place. 

ii-i6. — The animal is still more recovered. Its hind legs are 
drawn towards the bellyj and it aits up. When touched, it tries 
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to run away. It is now able to move forward, but the fore leg 
which remains ontstretched offers considerable impediment. Res- 
piration is quiet and even, seventy-five times a minute. 

II "20, — Compression of the left subclavian. Tolerably active 
convulsions ensue, yet weaker than before the removal of the 
brain. They are more active in the liind than in the fore legs. 
"Upon the circulation being restored, the tetanically stretched fore 
\eg becomes relaxed for a short time. 

ii"23. — ^To supply the brain with nourishment more effectually, 
the ligature on the innominate artery is removed. Extensive 
liemorrhage takes place into tlie cavity of the skull, which, how- 
ever, soon ceases. The animal breathes one hundred times a 
Bihiute. The total quantity of blood lost since the commencement 
of the operation amounts to about tliree drachms. 

Ifa7. — The animal lies quietly on the side. When touched it 
jumps op, sits upright, and remains in this position. The left 
fore leg still continues stiff, 

1 1 '30. — The left subclavian is tied, 

ii'3i. — Compression of the innominate artery. General and 
active convulsions manifest themselves in all the animal's legs, 
stronger than those obsen^ed in the preceding experiment, weaker 
than before the removal of the brain. When the blood is again 
allowed to pass through the innominate artery, not only do the 
clonic convulsions subside, but the rigidUj/ of the left fore leg aUo 
dttappears, soon, however, to return. The animal loses another 
drachm of blood, and remains weakened, lying on its right side, 
breathing very quickly, 

ii'36, — Slight convulsive movements repeatedly appear in the 
left extended fore leg. 

11-41. — Death from hcemorrhage on opening the innominate 
artery. The animal dies without convulsions, only a kind of 
quivering of the skin being noticeable. The quantity of red 
blood abstracted this last time amounts to three drachms. 

Some coagulated blood is found below the pons and the medulla 
oblongata. Neither (edema of the lungs uor pneumothorax were 
observed. 



Erperimenti 7, 8, 9, and 10. — Excision of lie thalami opllei, crura 
ri, and aportioit of the anterior corpora quadrigemina. — Large 
« of excitable brain-substance were removed from four animals, 
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after excision of the cerebrum up to the thalami optici, without 
exhausting losses of blood ensuing : in one^ half a year old, the 
greatest part of the thalami optici and of the crura cerebri, 
together with the corpus mammillare ; in another, one year old, 
the thalami optici completely, together with the eras cerebri, up 
to the neighbourhood of the pons ; in a third and fourth, two to 
three years old (and these especially lost but little blood), the 
thalami optici, the anterior part of the testes, and the crura cerebri, 
close up to the pons. All of them became affected with opistho- 
tonos, alternating with several attacks of clonic general spasms at 
irregular intervals, sometimes of ten minutes ; compression of the 
left subclavian, which we repeatedly applied in each instance, to 
secure ourselves from error, produced clonic convulsions imme- 
diately in every case. Upon the blood re-entering the brain, 
not only the clonic spasms, but also the opisthotonos, ceased for a 
short time. This cessation of the tetanic state upon removal qfetm- 
pression is not to be ascribed to the losses of blood frequently aitendani 
upon compression, but to arterial congestion, which comes on when 
no blood whatever has been lost. 

The clonic spasms after compression were not weaker than those 
appearing spontaneously, but always weaker than those brought 
on before removal of the brain, and those directly following the 
separation of the crura cerebri. In one of the animals, in which 
the incision was made through the testes, np to the pons varolii, 
very violent general clonic spasms ensued, passing into opistho- 
tonos, and returning within the first ten minntes, though with a 
gradual diminution of strength. When the tetanic state had lasted 
unchanged for thirteen minutes, the subclavian artery was com- 
pressed, when weak convulsions only, appeared in the hind Iqfs. 
Twenty minutes after this experiment the animal was killed by ap- 
plying a ligature to the subclavian, whereupon it fell into con- 
vulsions, not only general, but particularly violent. 

Erperiment 1 1. — Removal <f a great portion of the eerebeUwm, — 
A white, male rabbit, about eleven weeks old, weighing one pound 
ten ounces. 

10*15 o'clock. — ^The great arteries of the neck are laid bare 
without loss of blood. Upon compression the animal falls into 
strong convulsions. 

1 1 . — ^The cerebellum is laid bare to a large extent, whereby 
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the animal loses mncli bloody — about two drachms. The inno- 
minate arteiy is not tied. Great slices of the hemispheres are 
now cut off withont the animal^s stirrings until the vicinity of the 
crura cerebeUi is reached. The animal then is unable to keep on its 
legs, and becomes deprived of the free use of its limbs. The legs 
exhibit a certain degree of rigidity, and resist all our attempts to 
move them. The fore legs become more extended, the hind ones 
bent. When the animal is made to stand on its legs, it falls down, 
becomes attacked by clonic spasms, and relapses into its former 
state of stiff immoveability. Some minutes having been allowed to 
elapse, compression is applied to the vessels. The rigidity of the 
limbs vanishes, and general convulsions of considerable intensity 
come on. Upon the blood again flowing into the brain, they persist 
for some few moments. The body falls into a state of general re- 
laxation, until after about a minute, the fore legs become again ex- 
tended, and the hind ones contracted. We now remove the entire 
covering of the fourth ventricle, with the exception of a small piece 
which forms a sort of small commissure behind the corpora quadri- 
gemina^ and take off the hemispheres up to those lobes wliich lie 
hidden in the remotest niches of the occipital bones ; by which 
operation the animal again loses much blood (about one drachm 
and a half), and exhibits some strong convulsions when the crura 
cerebelli are reached. After this the animal remains lying quietly, 
with its legs rigidly extended, but is still able to hold its head up. 
A compression of the arteries causes no more convulsions, but the 
rigidity subsides and the legs become quite flabby; respiration 
ceases; the pale pupils become narrow and afterwards dilated. 
Upon the blood again flowing in, some slight spasmodic movements 
come on in the hind legs, and afterwards the legs turn stiff again. 

The animal is left to breathe quietly for twenty minutes. The hairs 
on the chin, the mouth, and muscles of the nostrils are in almost 
constant spasmodic agitation ; respiration easy and superficial. 

11*48. — (Compression without any subsequent convulsions, but 
the stiffness gives way and respiration ceases. When the blood 
flows in again, a slight spasmodic movement of the liind legs is 
observed. 

12*20. — Compression with the same result. If the animal is 
made to sit up, it endeavours to make certain movements, but with- 
out success ; consciousness does not appear extinct. 

12*30. — ^Unexpectedly, and without any previous compression 
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or irritation, violent clonic convulsions manifest themselves, ac- 
companied by gnashing of the teeth, and lasting for about a minute 
and a half, whereupon the limbs become again rigid and extended. 

If the mouth or the legs of the animal are mechanically excited, 
convulsions break out at once. An experiment with compression is 
unsucessful, although continued until respiration ceases. The 
animal again falls into a state of rigidity. 

I'lo. — ^Violent gnashing of the teeth; spasmodic contractions 
of the muscles of the face and fore legs. Irritation of the mouth 
induces a violent attack of general convulsions. 

I '15. — Compression of the vessels produces an attack of 
convulsions with all the peculiarities observable in those from 
haemorrhage. The backward inclination of the head at the com- 
mencement, and the opisthotonic extension of the hind legs, are 
peculiarly marked, which was not the case to the same extent in 
those spasmodic attacks which appeared spontaneously, or were 
produced by reflexion. 

1*20. — ^Mechanical irritation of the mouth and legs does not 
produce any spasmodic movements. 

1*25. — ^The application of a ligature to the vessels is followed by 
death, characterised by general convulsions of moderate intensity, 
and similar to those just described. 

The floor of the fourth ventricle is untouched, and contains some 
coagulated blood. No oedema of the lungs. 

We give this experiment in detail, as offering many mysterious 
facts, although its value is but limited in consequence of the great 
loss of blood (difficult, to be avoided) attending exposure of the 
cerebellum. We communicate it because it is the only one we 
possess on excision of the cerebellum, and, to be candid, because 
we have been hitherto unable to overcome our repugnance to 
repeat so cruel an experiment. 



CHAPTER Xn. 



THE NERVOUS CENTRES TO WHICH THE SYMPTOMS 
r EXHIBITED BT EPILEPTIC ATTACKS ARE TO BE REFERRED. 



L'NCONsciotisNESs, insensibility, and general tonico-clouico 
isms are considered to be the essential symptoms of a complete 
ptic attack. If the affection from which these attacks pro- 
Bed is chronic and unaccompanied by fever, it is styled epilepsy ; if 
therwise, eclampsia. 
Between the several attacks (and this is especially the case in 
(ilepsy at the commeocement of the attack), no interruptionB, or 
'I events only insignificant ones and of short duration, in cou- 
jsness, sensibility, and motion take place. 
In addition to the perfectly evolved attacks of epilepsy, one is 
tfaliged to admit such as arc incompletely developed. Whilst in 
c fonner, consciousness and sensibility seem to have completely 
jshed, and spasms seize all the muscles in the manner so well 
I, in the latter there is only giddiness and stj^gering (epileptic 
y), or a falling down, accompanied by a slight and momentary 
bembling as well as by a more violent convulsion of the whole body, 
or by spasms confined to contain groups of muscles only (partial 
epilepsy}. 

Thus much it is necessary to preface before passing on to consider 
the origin and nature of epilepsy, which will be the subject of 
tiiis part of our treatise. 

TTie question so often propounded from the remotest periods in 
tbe history of medicine, with reference to the so-called — and im- 
properly so-called " seat " of epilepsy, comprises, in fact, two dis- 
tinct questions, each of which necessitates a special examination. 
Urttly, we have to determine which are the nervous centre! to 
viich the tymptoms of the epileptic attack are to be referred. This 
problem once solved, it then remains to inquire, whether the altera- 
tion in tho»e nervous centres from which the syntptowiS of the attack 
proceed, ematiatefrem another special centre if (he nervous system, and, 
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existence of great excitable districts, central sources of refleclive 
and automatic motion, it proved bejoad a doubt ; there are, however, 
some uon-excitable districts [the hemispheres of the cerebellum) ; 
and eiperiment as well as clinical observation demonstrates, that 
behiiid the thalumi optici there lie sources of a very obscure con- 
sciousness and indistinct sensation ; that active motions performed 
instinctively' take their rise in this locality ; that there exist auxiliary 
organs for carrying out the purposes of the will, for the correct 
adjustment of the movements, and for the communication of con- 
scious sensations. 

We know, moreover, that not only may very large pieces of 
the cerebrum he lost on one or both sides, but that, according to 
the celebrated observations of Bell, Cruveilliier, and Lallcmand,' 
even an entire hemisphere of the brain may be wanting, and, indeed, 
even a corpus striatum, thalamus opticus, and the corpora quadri- 
gemina, cerebellum, pyramids, and olivary body of one side may be 
found diminished in size, without the intellect and senses being 
necessarily impaired ; whilst, however, the opposite side ia always 
foond paralysed. 

Paget' gives a description of the brain of a fnll-grown girl in 

lich the corpus caliosum was for the most part deficient, from 
'tal malformation; yet was she hvely, sensible, and in full 
don both of her senses, and of the power of co-ordinating 
movements. 

Combette^ relates a case of a child who had no cerebellum or 
I, but was sensible ; its intellect was not destroyed, but only 

it£d ; its legs were weak. In order tliat complete unconscious- 
and inBensibility may ensue, certain alterations must take place 
nraultaneously and suddenly in both hemispheres of the cerebnmi, 
us well as in those districts of the posterior parts of the brain which 
are connected with consciousness and sensation. Every attack, 
therefore, of fully developed epilepsy presupposes an alteration in 
the principal parts of the brain, because consciousness and sensation, 
which are communicated only by the co-operation of the greatest 
part of the brain, are in such a case completely destroyed. Our 
researches, however, still prove, with respect to the general convul- 
sions which, in epileptic attacks, come on in consequence of a sudden 

' Longet, 'ADfttomie et Pbjsiol. daSjstJime nBrvem.' ToL u. 
' ' MeJ.Chir. Tranaaotions,' 1846, viJ. xiii, p. 55. 
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arrest of the flow of blood to the brain, that these spasms proceed 
from the posterior excitable parts of tlie brain, and it therefore 
becomes highly probable tAat in every attack of complete epilepsy 
the same material alteration aj'ects at the same time tie toAole 
cerebrtim, and, in addition, the great-eat part of, if not all, the cerettriU 
dieiricts situated iehind the thalami optiei. It appears to us an 
established fact that, even from the commeocement, the medulla 
oblongata is diawn into the sphere of action, because, in like 
manner, at the beginning the respiratory movements suffer, and 
are entirely arrested in a completely developed attack, when spasm 
of the glottis is present. This is, we think, the only satisfactory 
explanation that can be given respecting the coincidence of uncon- 
sciousness, insensibility, and general convulsions. 

The convulsions, therefore, in epilepsy and eclampsia fully deserve 
the denomination of brain-convulsions, and it becomes a matter of 
doubt, from the results of our experiments, whether or not the 
alteration which is the proximate cause of these attacks extends 
beyond the boundaries of the skull. We found that the same cause 
(sudden stoppage of the supply), if acting npon the brain, 
produces unconsciousness, insensibility, and terrible spasms; if 
upon the spinal cord, paralysis, which, when lasting some time, ren- 
ders the approach of brain- convulsions an impossibility. The spinal 
cord need not, therefore, perform any other part in the paroxysms 
than that of a conducting cord, transferring the irritation of the 
motor districts of the brain to the motor nerves of the periphery. 
It is true that hereby the motor tubules of the spinal cord and the 
peripheric nerves must be excited and drawn within the sphere of 
the morbid action, but this alteration will be of another kind, and 
less energetic than that of the motor centres of the brain. This 
possibility becomes a probability if, as will soon be demonstrated, 
one freqaent cause of epileptic seizures is to be found in the sudden 
arrest of the brain's nutrition. 



CHAPTER Xm. 

tPON THOSE CHANGES EN THE SUBSTANCE OF THE BEAIN 
WHICH ARE THE PROXIMATE CAUSES OF EPILEPTIC 
ATTACKS AND AFFECTIONS. 



1 great the obscurity may be in which the doctrine aa to 
B internal aiterations of the brain-substance that produce epileptic 
3 and affections is still enveloped, the resiilta of actual obaer- 
ition on the subject justify us in pronouncing some very decided 
piniona on this important matter. 

n the first place the observations we have just made, with respect 
I nervous centres from which the sjTuptoms of the attacks 
nonstrate that alterations of the brain proximately 
g them can by no means be confined to a small part of this 
in, but must affect the whole or at all events the greater portion 
Hence it follows, (ial a cireumacrihed anatomical alteration 
e brain mutt not be regarded as ike proximate caiue of epileptic 
attacks. 

Secondly, it may be affirmed that the proximate caiae of the 
attacit cannot be one of long duration, but an alteration merely of a 
itrnporary Hnd. It must be quickly developed to ils full extent, 
and pass during the attack through its diifercnt phases, and 
when the latter are over, cease completely or nearly ao. How 
otherwise is it reconcilable, that, after an attack, the patient bo 
frequently and often for so long a time recovers the full use of the 
action of the brain? And how could the circumstance be explained, 
that in chronic organic affections of the brain, spinal cord, or nerves, 
the attacks frequently, appear for the first time, only when a 
new influence is added, for example, psychical excitement or irri- 
' t&tion of the extremities of sensitive nerves? As for the epileptic 
I BonditioM, they, as something constant, must also be based on a 
tant alteration of the brain, and closer investigation is required 
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to deteimine whether the latter affects the whole brain or only some 
parts of it. We must, therefore, discriminate between the alteration 
of the brain which causes the epileptic attack, and that which 
produces the epileptic affectum. 

Thirdly, it can he no tinile alteration of tie brain, anatomically 
demonstrable, that can act as the proximate cau$e of an epileptic 
attack. This proposition, resulting from the two former ones, is 
also valid in the case of epileptic affections. Every physician of the 
present day, who is at all judicious, will relinquish the hope cherished 
with childUke confidence by certain schools and times, that patho- 
logical anatomy is destined to give an explanation of the nature 
and seat of epilepsy,' and he will only expect that resuU 
from the progress of the experimental physiolc^ of the nerves. 
Material idterations in the brain and its membranous and caseous 
coverings are, it is true, most frequently found in those who have 
died frt>m epilepsy and eclaiiq>sia, and are often enough recog- 
nised as the cause during life. Often, however, in spite of most 
careful examinations, no anatomically demonstrable alterations are 
found in the structure of the brain ;' and those which do exist must 
be generally regarded, especially in epilepsy, as produced by inter- 
ruptions to the circulation and nutrition during the attacks, particu- 
larly if the latter have frequently been repeated and for a long time. 
Most of the patients suffering from this disease for years, afford the 
usual appearances found in chronic diseases of the brain, viz., 
thickening and condensation of the skull, thickening, ossification, 
coalescence, oedema, exudations, extravasations, tubercles, tumours 
in the membranes of the brain; numerous Pacchionian glands (accord- 
ing to Wenzel), hypersemia, hardened and shrivelled-up parts of 
the brain. Not one of all the anatomical alterations in whose 
train epilepsy frequently appears, such as cicatrices, tubereles, 
and atrophy of the brain, or premature coalescence of the sutures 
of the skull, with lessening of its cavity, leads invariably to 
this disease. But frequently we have seen it proceed from extra- 
encephalic anatomical lesions, particularly from cicatrices of the 

' See tlie lucid explanation of the error of looking for the cause of epi- 
lepsy in some coarse lesion of the brain, and the critical and concise grouping of 
auatomioal facts by Hasse, in Yirohow's ' Handbuch der speciellen Pathologic,' 
vol. iv, i, pp. 363, 367, et seq. 

' In thirty autopsies of epileptic patients Deksiauve (loc. (^it.^ p. 177) 
obtabad seventeen times only negative results. 
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m piiial cord,' cicatrice of the skin, neuromas, kc. ; aad coses are 
HtdaUd which have been radically cured by the removal of carious 
OBetb, foreign bodies in llie ear, pieces of necrosed bones, tape- 
■Tontts, kc. The same has been observed, as is well known, in 
Buelompsia. It is almost superfluous to mention how frequently not 
w3bt slightest alteration in the brain -sub stance is to be found in 
Kiluldren who have died from eclampsia, in pregnant women, in those 
l.tffected with nnemia, or who have been poisoned; how often in 
liiluldren a series of attacks is brought on, simply by temporary 
lilrniationB of the mucous membranes, the so-called irritation from 
K-flabumi, as well as that from worms; and how, upon removal 

■ 1^ the irritation, all the symptoms of a morbid action of the brain 
■likewise disappear ; such observations every practitioner will have 
noade. I^aatly, we observe that very frequently psychical influences 
V^ght, seeing an epileptic, &c.} at once bring on epilepsy, 
■that reflex irritation forthwith leads to eclam])sia, and further 
K^re have the efficacy of the " traitement moral" in the mitigation, 
■diminution, and even the complete removal of real epilepsy. All 
Bthese diiferent facta furnish sufficient grounds for asserting that it is 

■ only microscopic alterations of the brain that can be the cause of 
Epileptic affections. Tubercle of the brain, cicatrix of the brain, of 

■ the spinal cord or of a cutaneous nerve, are therefore in an exactly 
Hnmilar way to be regarded only cu remote eausea of epilepsy, and 
K^ould visible alterations occur in the brain or other ports of the 
Pbody during eclampsia and epilepsy, they must be regarded as 

nothing else ihan prediapoiing influences. 

If the visible alteration of any part of the nervous substance is to 
be regarded as the predisposing cause of an epileptic affection, the 

^ question suggests itself — what will be the nature of the disposition 
irith respect to the attack ? The disposition is nothing else but that 
■tate of the brain which forms the basis from which the attacks 

» Very instructive and remarkable are t!ie expericnents of Brown- Sequard 
(■Gazette MM. de Paris," 1B.56, No. 41), who observed different trniimatic 
iiiiuiie& of Ihe spinal cord produce epilepsy after some time. Tbe eltaeks tbeji 
appeared elLber spontaDeousI; or upon irritation of certain parts of tlw skin. 
When Uie injury was done on one eide of tbe spinal cord, simple irritation of 
the Due and neck on tbe same side occasioned the attacks. Wben the iiijaiy 
was done on both sides, tliej could be called forth from both sides of tbe neck 
and face. Lnstlj, it is tlie chief branches of tbe facial and cervical nerves, 
especially of tlie fifth, aod not tbeit trunks, which thus become capable of 
producing the attacks. 
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■rii^ md am scwnlj be aiaoani at iMhxrrise than as a veiy 
di|^ dtentwa at the vlwle bsn. or of ■ aajrowlr circumscribed 
dirtbct; vliBst die ihomtioB vhid ii the aase at the attacks, 
mat ihr^B aSeet the vhide wihrtwife cf the bnin, or at all erents 
tlie )|,iia<iiil part of it, asd that manam ia a& oifrgetic manner. 
"Bmb /n i j upem t io m ia not alone Hifiuieut to faring on the attack. 
An inlonal or esttnal came has stiD to nqHrroie to make the 
allcralnn mare eztanaire tad deeper; thai finaOy the ontolo^cal 
ehaiactentk of cpiktMj tnaj beeome ooo^anuras to as in the 
Ibnn of pannTSBs. Hins the ima^ is not manifested on the 
dagneiTCotype plate directlr after (he action of the light, but 
onlv apoD the plates being exposed to a further inflaence, 
when, all at once, the result of the two changes appears before 
the eyes as one unifonn whole. From the intimate manner in 
which the various parts of the neirous system are united in their 
nntrition, whereby even the remotest districts of the nerves are 
linked together in one common bond (we here call lo mind the 
crossed and progressive atrophies of the nerves, and the important 
microscopical researches of Turck, Waller, Schiff, and others; com- 
pare also Ludwig, ' Physiologic des Menschen,' vol. i, p. 173), the 
supposition is certainly warranted that these visible anatomical 
alterations dispose to epilepsy only in the manner of gradual and 
invisible changes in the nutrition of certain districts. 

The epileptic affection is not, howeier, always so alow in developing 
itself; it often comes on rapidly, as though produced by a stroke. An 
influence may operate on the brain, and the attack immediately 
follow, and with it the epileptic affection be manifested simulta- 
neously. The epilepsy has become fixedj and the whole of the 
biain or a portion of it has suddenly been affected by that delicate 
alteration that will henceforth manifest itself in the periodical 
appearance of the well-known symptoms. 

Wliat is sometimes the case in epilepsy, is tlie rule in eclampsia. 
In the latter the epileptic status is always rapidly induced, aud 
leads quickly or immediately to the attacks, ending, contrarily to 
epilepsy, either in recovery or death. 

We regard it as the greatest merit of our work, the having inves- 
tigated more exactly a state which infallibly causes epileptic attacks 
in the vigorous rabbit and probably in all warm-blooded animals. 
We allude to that alteration in the brain produced by a rapidly 
arrested nutrition brought about by a sudden interruption in | 
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i anppij of blood. A dozen or more attacks can be produced 

; same animal at short inten-als; and if it were possible 

apply compression to the four great arteries of the head 

Jiout endangering Ufe, convulsive attacks might be easily pro- 

ftdnced from time to time, ad libitum, and for years, just as in real 

■«hronic epilepsy. We do not even consider the supposition 

rdons, that, by frequent and long- continued attacks, a disposi- 

i really epileptic affection, could be finally brought on, as, in 

al, frequent returns of s^iasmodic attacks seem to produce, or 

t all events to favour, a so-called " coovulsibility." {Compare also 

Ixperiment 2, in Chapter X.) 

We have thus demonstrated by facta that there is a condition of 

; brain which fulfils all the requirements which we should be 

teompelled to make, if, proceeding on theoretical assumptions, we 

ihould endeavour to discover one that would sufficiently explain the 

■ l^peArance of epileptic attacks. 

1. It comes on verj- rapidly ; 

2. It can be rapidly removed ; 

3. It is capable of bringing on the entire group of epileptic 

symptoms ; 

4. When of short duration the attacks appear in an incomplete 

form; when lasting a longer time they are completely 
developed ; 

5. The attack directly follows the alteration in the brain ; 

6. And can immediately produce death ; 

7. By a frequent repetition of the attacks, the action of the brain 

woidd at last be as much impaired, as in epilepsy itself. 

Although we are of opinion that certain forms of epilepsy and 
eclampsia should be referred to a sudden interruption in the 
nutrition of the brain — a supposition which, in the course of this 
chapter, we shall find sufficiently tenable — still we are far from 
regarding this in general as the proximate and real cause, either of 
the attacks thereby occasioned, or of the origin of epOepsy or 
eclampsia. The sudden arrest of nutrition acts, as it appears to 
Bs, only indirectly by producing certain molecular alterations of the 
bnin-snbstance, which are in necessary connexion with it ; but these 
alterations may likewise be brought about by chemical and nutritive 

^cies of another description. Thus, by stoppage in the flow of 
lood to the muscles (according to Wundt), molecular alterationa 

B produced, which manifest themselves by an altered state of their 
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elasticity, and finally bring on rigidity ; but there are other influences 
in addition, as, for eiample, injections of substances acting cliemi- 
cally into the arteries of the muscles (according to Kussmaul), which 
have the same effect, although the muscle is thereby brought into 
different internal conditions. In like manner attacks of various 
kinds (mechanical, chemical, or produced by infiammotory irritation) 
on the molecular arrangement of the brain, ahhough the latter is 
altered in dissimilar ways, may have the came flnal result iu one 
direction, perhaps to alter the electrical order of the finest particles 
in the same manner, and thus give rise to epilepsy. Hydrocyanic 
acid brings on fits very similar to those of epilepsy. Still, until 
definite proof can be offered, it would be very hazardous for this 
reason to maintain that hydrocyanic acid acts by bringing on 
anaemia of the brain (according to Pereira), or by rendering the blood 
unfit for nourishing the brain, as Dr. Harley' has recently asserted 
with respect to different jioisons producing convulsions.* We do 
not question, but that at some future time, a class of poisons will be 
found possessing the common property of rendering the blood 
incapable of nourishing the nerves and muscles; and numerous 
hypotheses might easily be framed as to the several different ways in 
which poisons comprised in this class might act. We deem it 
advisable, however, not to enter upon this subject until we become 
more thorougldy acquainted with the facts of the case, and here 
only desire to draw attention to the remarkable resemblance which 
exists in the »i/mptom» front large and rapidly fatal doita of mo»i 
poitont, adding this simple question, viz., whether in these cases 
the cause of the sudden appearance of unconsciousness, insen- 
sibility, as well as of general clonico-tetanic convulsions in which 
the pupils are first contracted and then dilated, is not to be mainly 
sought in the suddenly interrupted nutrition of the brain P Do 
we not also observe, that death, when suddenly caused by internal 
and very difl'erent causes, comes on with partial or general con- 
vulsions attended by unconsciousness and insensibility; and do not 
the majority of children succumbing to acute diseases die in so- 
called "fits," i.e., more or less distinctly developed eclamptic 
attacks p 

' 'Tbe Lancet,' 1856. 

* Coie C Gri. M^ii. de Paris,' 34, 1S49) atnles llio cause of conTulaioiis 
from poiBoning by bjdrocjiinic acid to He in iLe sudden stoppage of the flow of 
blood to the spinal card. This tbeorj is completely reruieii by 01 
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I Sc&rlatiDB, meaaleaj and smallpox often commence wth generiJ 
I Convulsions and loss of consciousnePB ; meningitis, hydrooephahis, 
I \i«cmia, and cholarmiii are frequently Bccomparied by them. They 
I bIso occur in dentition, when the teeth are cutting throwgh the 
l.^ms, as well as in parturition when the head of the child is pro- 
E truding. If, in all these cases, we were to regard the suddenly 
fciiit«rrupted nutrition of the brain as the cause, it would be difficult 
w\o famish sufScieut grouuds for this hypothesis, and we might make 
E.Durselves as ridiculous as those toxicologists, who, iu their faulty 
Ctnanner of judging, are only able to refer the actions of most of the 
r4rngs and poisons acting on the hraiu to anffiinia and hyperiemia 
K«f that organ, making use of the narcotics for producing the former 
Bfxmdition, the excitauts the latter. 

I The division of epileptic convulsions into two different classes, 
[^laniptic and epileptic, is manifestly based on the correct assnmp- 

■ tion that, in spite of complete uniformity observed in the external 

■ ^orm of the attacks, there will exist an internal difference. In what 
I ihis difference consists will certainly be ascertained at some future 
I time, and then only will it be possible to separate the epileptic con- 
I Vnlaions into various groups according to the character of the 
I Cerebral conditions producing them, whilst at the present day 
I ^lampsia and epilepsy do not represent anything else than ontolo- 
K ^cal forms of disease, whose boundaries can alone be fixed by 
I Bubjective dogmatism, or at the best by practical necessity. 

' It has been freqnently asserted that the attack in epilepsy always 
proceeds from sudden hyper/emia of tie brain. Experience of 
epilepsy after great losses of blood, together with our own experi- 
ments, sufficiently refutes the general soundness of this theory. The 
only question now remaining is, therefore, whether in some cases 
congestion of the brain or hypewemia is able to produce an 
attack. 

Tlie majority of the best pathologists have always been decidedly 
imfftvorable to every theory of congestion ; we need only mention 
the celebrated names of Georget, Watson, Copland, Rombei^, 
Hasse, Sc. Romberg,' for example, in his clear and decided manner 
of expressing himself, says, " The time is not long passed since con- 
gestions to the brain were almost exclusively regarded as causing 
diseases of the nervous system in general as well as epilepsy. At the 

' ' Lelirbnch der Necrcnkr.,' vol. ii, p. 348. 
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present daj auch au assertion, to be credited, must be supported bj 
critical arguments, and it must be matter for surprise that in 
hypertrophy of the left ventricle of the heart' — a morbid condition 
which more than all others causes an increased determination to the 
brain and htEmorrhages — epilepsy hardly ever ensues, whilst dizziness, 
apoplexy, and paralysis frequently do. The plethora resulting from 
suppressed hiemorrhage is of undoubted influence, especially that 
caused by arrest of the catamenia or of epistaxis ; that following the 
stoppage of htemorrhoidal loss is less influential, as also that pro- 
duced by a luxurious life. Attacks of Hit loH qfepileptg have a* 
apopleclic ckaracler ; are accompatiied byieeak conimUiont; and leave 
the patient in a lethargic tlate o/tome houri or even dayi duration, 
and »uffering from paralytia of single par t», eepeciaUi/ of the tongue. 
Frequently, however, the opposite condition, anasmia, is their cause, 
especially in females, whether it arises from an original crasis of the 
blood or from insulficient food and loss of humours. Alaisonnenve 
relates a case of eighteen sailors, who, after having saved themselves 
from the enemy by swimming to a rock, remained there for seven 
days in a state of starvation and exposure to severe cold. All of 
them, after having been received into the hospital, were four weeks 
afterwards afi'ected by epileptic attacks, which were preceded and 
followed by violent pains in the right hypochondrium, lu ten 
months six of them died, and in eighteen months four more, so 
that only four survived." 

Delasiauve, who has paid great attention to this subject, and 
is very well acquainted with it, observed anicmia as the cause of 
epilepsy much more frequently than plethora; and in this most 
careful observers agree with him. 

Those who advocate the theory of congestion may be divided 
into two classes : the first considering the attack as produced by 
au increased congestion of arterial blood ; the other maintaining 
that the attack is induced by au impeded ebbing of the venous 
blood. Mr. Solly may be regarded as the chief representative of the 
former, and Dr. Marshall Hall of the latter opinion. 

Solly' considers the cause of the paroxysm to lie in a determina- 
tion of blood to the head ; in an arterial congestion, the result of an 

' On a case of cpilepsj following stenosis of the mouth of the aorta, see 
Bamberger, ' Zur Pathol, dca Hcrzena ;' VJrcliow, ' Accliir,' ix, 3 and 4, 1856. 

' S.Solly, 'The Human Brain, its Stniclurc, Phyaiologj, and DiaeaseH,' 
London, ad edition, 1647, pp. 590 et seq. 
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-increased action of the heart, with simultaneous paralysis of the 
inscular coats of the arteries of the head; and the principal 
■unds on which he bases his opinion are the following : 

1. "Increased detennination of blood to any organ augments its 
!tions to an abnormal extent. Sudden determination to the 

lead must rapidly increase the generation of nervous power, which 
^XB a healthy state conveys volition to the muscles, and is identical 
,irith electricity. This excessive secretion is carried off by the motor 
inerves, like a discharge from au electric battery, aud from its 
i^oantity and excess produces excessive action of the muscles." 

But why, we ask, does not this superabundance, if it produces 
'Excessive motion, produce also excitement of the mind and increased 
•ensibiUty? Why do general convulsions never attend the violent 
iteoi^stion to the head caused by removal of compression from the 
. arteries of the neck ; but, on the contrary, paralysis, even when 
'both cervical tracts of the sympathetic nerve have been divided, and 
the superior cervical ganglia extirpated, and thus, at all events, 
numerous branches of the carotids become paralysed, as we have 
seen in many experiments on rabbits ? 

2. "The pulse of the carotids is exceedingly strong during the 
attacks." 

This well-known fact can, however, be quite as well explained by 
•apposing an arterial aniemia of the hraiu from an impediment 
barring the progress of arterial blood to the brain ; for example, a 
contraction of the smaller branches of the carotids, which contain 
more muscular fibres. 

3. " At the post-mortem examination of persons who have died 
during the attack, the brain has frequently been found in a 
hypertemic state (FoviUe)." 

Hyperemia was, however, almost always found on the part of the 
venous system, and might, even if the epileptic attacks proceeded 
from arterial aniemia, have only arisen in consequence of the attack 
— an opinion which Foville himself shares — or during the act of 
dying, or even after death, as is made clearly apparent from our 
previous researches. 

In truth, not one of Mr. Solly's reasons is sufficient to support 
his theory as to the origin of the epileptic attack. On the contrary, 
it seems to us highly improbable that arterial congestion can 
produce such an attack, although it may bring on dizziness, fainting, 
■nd paralytic symptoms, similar to those occurring in apoplexy. 
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Marshall Hall's theory, which he has endeavoured more or less 
follj to establish in nameroua works aud essays,^ is substautiallj as 
follows : 

The first Uuk in the chain of symptoms ushering in the epileptic 
attack, is represented by the direct or reflective irritation of tlie 
centrum spinale, cnusiiig the muscles of the neck and glottis to con- 
tract, by which latter the second link is obtained. The third is com- 
pression of the veins of tlie neck (sphagiasmns), by the contracted 
muscles of the neck (trachelismus), and asphyxia, by spasm of the 
glottis (laryngismus). In the fourth seriesj unconsciousness, insen- 
sibility, and general convulsions break out as the result of venous 
hyperemia of the brain and of asphjTiia. The incomplete attacks 
[ie petit tnal of the French) proceed principaUy from trachelismus j 
the complete ones {le haut mal) from trachelismus combiued with 
laryngismus. This ingenious theory contains a combiuatioa of 
correct and incorrect assertions. 

The assertion is especially incorrect, that contraction of the 
muscles of the neck and glottis always precedes uncousciousucss 
and iusensibility ; in the majority of cases, consciousness and sensi- 
bility vanish first, general paralysis of the organs of volition fol- 
lows — the patients fait down, and then only do general convulsions 
commence, accompanied by spasms of the muscles of the neck, and 
stoppage of the respiration. The cerebrum is accordingly already 
placed out of the sphere of action before the motor nervous centres 
begin to be excited. The undeveloped forms, wliere consciousness 
and sensibility only are disturbed, without any spasm of the muscles 
of the neck and with no straitening of the glottis, and their 
insensible transition to developed and general convulsions, prove 
likewise that the theory of trachelismus and laryngismus is by no 
means of general validity. 

Marshall Hall is, however, correct in asserting that a sudden 
closing of the glottis produces epileptic convulsions ; and it is hia 
merit pre-eminently to have drawn attention to the resemblance be- 

' Wo mention only the followmft^ "Easajs on the Theory of CooTulsi»e 
DiseasM, being » Supplement to Ihe Diseotei and Derangements ol the Nervous 
System ;' ' On the Neck as a Medical Begioii," in the ' Luncct,' 1849 ; ' Synopaia 
of Cerebral and Spina! Seiiures of Inorganic Origin and of Paroxjsnial Form ;' 
■md ' Synopsis of Apoplexy and Epilepsy, with Observations on Traeheliamua, 
Luyugismus, and Traclicotomy,' 1853. 
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nreen the effects of strangulation and those of epilepay.' If animaJs 

bre strangled by a ligature on the trachea, sa we have frequently 

none it, they soon expire in a state of insensibility and with epneral 

bonvulsioBS ; and these spasmodic attacks are exactly aimilar to 

■bose from htemorrhage, only that in the former case the head 

Htwclls and turns blue, while in the latter case it shrinks and turns 

hftle. The approach of convulsions in strangulation can be acce- 

Berated if the arteries ore simultaneously compressed. In men 

lidjiiig from hanging or suffocation the same symptoms are observed 

ua in animals. Liability to epilepsy may even remain in persons 

nrho, after having be^ suspended for a considerable time, have 

neeu restored to life. In 1842 or '3 Kussmaul saw in the 

Edinical wards of the late Professor Puchelt, at Heidelberg, a strong 

lieri-aot girl, who had been cut down and with difficulty restored 

H) life, affected with violent epileptic attacks for many weeks. 

KShe conjunctiva of one eye appeared sngillated with blood for a 

lUonger time in consequence of the strangulation. 

I We find the simplest explanation of the appearance of these 

" attacks upon closing the glottis or trachea, in sudden arrest of the 

nutrition of the brain. Hffimorrhage, closing of the arteries of 

the head, and strangulation, cause the blood-vessels of the head to 

be in different states of fulness, and the brain to undergo various 

gradations of pressure, but they agree exactly in the one point 

above mentioued. In the one case there is a scarcity of red blood 

because it is abstracted from the body or kept away from the 

^ brain; in the other because it has suffered a transformation into 
Uock blood. 'L'he correctness of our opinion seems partially 
proved by the fact that even in profuse hiemorrhage the convul- 
aions do not proceed from an altered pressure ; and partly, by the 
observation, tliat in strangulation, convulsions more rapidly ensue 
when the conveyance of red blood to the brain is at the same time 
prevented ; and finally, by the results of our experiments ou the 
irtificial production of stasis of the brain, on which we shall treat 
farther on in these pages. No one wiU, tlierefore, contest Marshall 
Ball's assertion, that spasm of the glottis (laryngismus) may 
lead to epileptic convulsions. Direct or indirect (psychical, or 
caused by reflexion) excitement of the motor nerves that close 
the glottis can produce them secondarily, and no doubt certain 
' Comparison of the eOccta of strangulation and epilepsj, io M. IIbII, 
'Sjaopa, o( Cerehr. and Spin. SeieoreE,' pp. 63, 36, 39, and 40. 
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epileptic atUcks depend upon this cause.* In particular may cer- 
tain states of eclampsia in children, and of epilepsy in hysterical 
persons, be referred to this cause. To construct upon it, however, 
a theory of epilepsy, which shall admit of universal application, does 
not seem to us by any means feasible, because in real epilepsy, as 
already mentioned, laryngismus generally follows, and does not 
precede, the cessation of t!ie actions of the mind, and "because 
we sometimes see cases where clonic spasms appear in their full 
extent before symptoms of laryngismus are noticeable." (llasse.) 

The assumption seems incorrect that sudden stoppage of the 
circulation in the cervical veins is a common cause of epileptic 
attacks, whereby the tlieory of sphagiasmus becomes as a matter of 
course valueless. Marshall Hall lays great stress on an eiperiment 
of Sir A. Cooper (loc. cit.), who tied both the jugular veins of a 
rabbit, which after five days appeared in a staf« of stnpefaction, 
fell on the seventh day into convulsions, lost its sensibility, and 
died. On the post-mortem examination an extravasation of blood 
into the left ventricle of the cerebrum was found. Although we 
have tied the external jugular veins of rabbits (and sometimes the 
internal ones at the same time) upwards of two dozen times, and 
have often allowed the animals to live for weeks, even for months, 
we have never seen a similar result. In fact we have never observed 
genera! convulsions at all. In the majority of instances, no symp- 
toms of brain affection of any importance appeared ; at most the 
animals seemed to be stupefied during the first twenty -four to thirty 
hours, and sometimes gnashed their teeth. The most constant 
BjTnptom upon stoppage of the venous circulation, and one which did 
not escape the vigilance of Sir A. Cooper, is a retarded respiration. 
Tims the above-mentioned experiment forms an exception to the 
rule, and only proves that the retention of venous blood within the 
cavity of the skull may, under certain circumstances, produce extra- 
vasation of blood, apoplexy with convulsions, but no real epileptic 
attack. In the reticular distribution, especially, of the superficial 
veins of the anterior and posterior part of the neck, the number of 
anastomoses is so great that the obstruction of the jugular veins 
alone cannot so easily give rise to serious cerebral symptoms. 
For this reason we several times compressed or tied the cervical 

' Compare, for einmjilc, llie verj remarkable case of epilepe; in a girl, 
niueteea jcars of age, in conscqaence of irritation of tbe epiglottis b; a long 
uvula, la tbe ' Wiener Wodieuaclir.." 39, 1856. 
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clavicular veins simultaneously for a longer lime. In two 
cases, where the operation succeeded without any liffimorrhage, re- 
peated compression, conduued for a quarter of an hour, did not pro- 
duce any important brain-atFections, whilst the other aninml, whose 
veins were tied, died after forty-eight hours under general convul- 
sions, and tlie symptoms during life, as well as in the corpse, in- 
dicat«d a considerable hypenemia in the licad and cranial cavity. 
After death the veins of the neck, of the membranes of the brain, 
and the sinuses were found gorged with blood, but the brain was 
pale. In this experiment, as well as in that of Sir A. Cooper, 
convulsions appeared only some (me after the veins had been closed, 
whilst M. HaJl's theory would require them to be immediately 
sequential.! 

It is true that, according to the present state of our knowledge, 
it cannot be denied that in a venous stasis of tbe brain it is possible 
for epileptic affections sometimes to come on rapidly. It is, for 
example possible, that in a sudden and complete retention of 
venous blood within the cranial cai'ity, the veins may become so 
gorged that no more blood can be introduced through the arteries, 
and consequently the nutrition of the bmin will be at once 
impeded. In reality, however, venous congestion seems to be rarely 
formed with the requisite rapidity and in a sufficient degree. 

In retention of venous blood within the cranial cavity, the heart i 
is, notwithatauding, generally able for a long time to force blood 1 
into it, and, in consequence of the increased pressure on the brain, 
and of the smaller and greater hemorrhages from the bursting 
vessels of the brain and its membranes, apoplectic attacks come on 
either with or without convulsions, which in the latter case may, it 
is true, easily assume the appearance of epilepsy. Marshall Hall 
himself is obliged to derive the epileptic comatose symptoms in 
epilepsy more from sphagiasmus and trachelismus, whilst he 
considers asphyxia and general convulsions as caused by laryn- 
gismus. Bibliographical research has not furnished us witll ] 
any cases affording sufficient proof that simple stasis or plethora 

' Compare Kusamml, 'Ueber den Eintlusa der BlntBtriimunR auf die Bewegnng 
der Irii,' p. 33. We drnw attention, liowerer, to tlie Tact tliat in tliis experi- 
ment tlie surfucea of tlje wound, and tlie ioflammfltton were Tcry considerable. 
Convulsions nnd death ought perliaps to be attributed to olliet ciiiiscs than to 
hypeTvmia within the erinial cavity. At lb:it time we lindabad pincc wherein 
to keep the rabbiti, they were therernre easily affected by wounH-fever. 
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of the brain has produced real, or, at any rate, ptire epileptic 
attacks.^ 

Being anxious to ascertain the influence of plethora of the brain, 
and likewise of the pressure on that organ which it occasions, in the 
production of epileptic afi'ections, we divided the cervical branches 
of the sympathetic nerve of several rabbits, tying the external and 
internal jugular veins. Directly after we applied the ligature, the 
eyeballs protruded considerably from their sockets ; the number of 
respirations gradually diminished, but in no instance suddenly — 
sometimes, however, to an extraordinary degree (once, within half 
an hour, from 135 a minute before the operation to 18 after 
the same) ; the respiration became snoring and rattling ; the glotiU 
became paralysed ; while stupefaction, weakness in the legs, and diffi- 
culty of breathing became more and more marked, without the 
animals, however, losing consciousness, or the power of sitting 
upright; and finally, gnashing of the teeth, and slight transient 
convulsive movements of the limbs succeeded. These dangerous 
symptoms, notwithstanding, disappeared in all cases as gradually as 
they had come on, and the disturbance in the circulation became at 

' Ck)mpnre in particular Stannius, * Ueber die krankhafben Yerschliesaungen 
grosserer Yenciistamme des menschiichen Korpers/ 1839; and M. Hall, 
* Synops. on Cerebral aud Spinal Seizures/ &c. Of the various cases the fol- 
lowing appear to us especially important. Gintrac (according to Stannius) ob- 
served, in a child four years old, attacks consisting of a momcDtary stoppage 
of voluntary movement with diminished sensibility, in which the mental 
faculties are said to have remained active whilst speech was €(mpleleljf gome. The 
child began to suffer in this way when only a year old. The superior longi- 
tudinal sinus was transformed into a stiff cord, and the veins emptying into 
it were gorged with coagulated blood. Frichard (loc. cit.) found in the 
corpse of an epileptic subject organized plugs in the whole of the lateral sinus* 
(Were the plugs the cause or effect of epilepsy ?) Tonnel^ (* Froriep's Notizen,' 
1829, vol. xxiv, p. 142), in a girl nine years old, after obstruction by plugs 
of the superior longitudinal, tiie lateral, and the occipital sinuses of die right 
side, observed dizziness, with tendency to swooning for two days ; then deep 
sleep, attended by slight convulsions of the left side, and finally resulting 
in death. A child two years old, during the last moments of its existence, 
became suddenly affected with convulsions, and great rigidity of the body and 
limbs. Plugs filled the superior longitudinal sinus, both lateral sinuses and 
the internal jugular veins. In both instances blood was extravasated below 
the arachnoid of the cerebral hemispheres ; in one it even went so far as to 
produce softening of a portion of the right hemisphere of the cerebrum. 
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tout partially balanced, without the auimals haviug fallen mUi 
nal epileptic convulsions,' 

These experiments are in remarkable accordancf witb the nbove- 
mentioned observation of Romberg, that epilepsy in plethoric 
mhjpcts has an apoplectic character and is attended by feeble con- 
vulsions. We feel, therefore, induced to express our doubts as to 
whether these so-called epileptic affections in plethora are to be iit 
aH Bscribed to true epilepsy, or wliether they are not rather to be set 
down among the series of apoplectic affections, and those whicli 
have in common with each other, unconsciousness, insensibility, and 
even the appearance of clonic spasmodic movements of the limbs, 
altliongb in a shgbt degree ; but which differ in their symptoms 
with respect to the stal* of the respiratory muscles, and are, in par- 
ticukr, accompanied by paralgnt of the ijtoUia, whilst epilepsy is 
tlistiugnisbed by tpatm of the glottis. 

The results of our researches are accordingly decidedly at variance 
with any theory which offers sudden congestion of an active, passive, 
or mixed character, as the ciiuse of an epileptic attack. We have, on 
the contrary, proved that the sudden appearance of arterial antemia 
of the bmin gives rise to epileptic attacks ; and we are, therefore, 
fully justified in propounding the question, " What is the value 
of the theory which explains them by a spasm of the muscular 
elements of the vessels of the brain, especially of the smaller arte- 
ries containing many muscular fibres ?" 

If at any time we can observe that fright is capable "of expelling 
the blood from the cheeks," it cannot be denied that it is possible 
for the same cause, one of the most fre([uent of epilfptic attacks 
and affections as is well known, to contract the smaller branches of 
the carotids and vertebral arteries. We know that aneemia, the most 
fruitful source of epilepsy.renders the nervous system very irritable and 
very accessible to the influences of fright ; that amemic and chlorotic 
persons possess a small and compressible pulse, and readily turn pale 
and swoon away. Numerous and accurate observers, such as Georget, 
Wataon, Copland, Trousseau (De IVpileps., 'Gaz. des HOpit.,' 1855, 
No, 49), and others, expressly mention that at the commencement of 
the attack the face is always pale, and only turns red and blue subse- 
quently. Nevertheless, the carotids and the heart pidsate strongly; 
indicating the existence of an impediment to the circulation in tlic 

I A iDoro detailed accouut of tlie results of tliese expcrimcats, whicli sre not 

nlj completed, »ball be given at some future tima. 
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jimiiller branches. Cases are even known where the anenriamatic 
aorta has burst during the epileptic attack. Finallr, Pereira^ 
relates that Hoist observed an epileptic subject at Chn!>tiaiua whose 
pulse alwavs disappeared in tlie left arm during the attack. At the 
post-mortem examiuation a deviation in the course of the arteries 
was found ; the left arm receiving its hlood from the vertebral 
arteries, which themselves obtained their supply through the 
basilar artery from the carotijs. T\\e disappearance of the pulse 
renders it probable that the circulation through the carotids within 
the cranial cavity was arrested during the attack. If the last-men- 
tioned facts speak in favour of the theory that the smaller arteries 
are contracted at the beginning of, and during the attack, they do 
not prove, nevertheless, that this spasm of the vessels is the cause ; 
and it may just as correctly be regarded only as one of the phenomena 
accompanying the general morbid affection. What has been said 
about Marshall Hall's theory of spasm of the glottis consequently 
holds good in this case. But, just as spasm of the glottis will often 
undoubtedly cause epileptic attacks, it appears to us that the latter 
can also be produced by spasms confined at the onset to the muscles 
of the blood-vessels only. We endeavoured experimentally to 
satisfy ourselves of the correctness of the theory — a task beset 
with many difficulties. The ascending cer\'ical branches of the 
sympathetic nerve do not seem to be the only channels by which 
the carotids and their branches receive ner\'es. The thickness in 
the sympathetic branches differs considerably in different rabbits; 
and the esperiments of Schiff, Donders, and Callenfels render it 
probable that vaso-mofory fibres reach them from other sources. 
When the subclavian arteries are tied, and the cervHcal branches 
subjected to faradisation, certainty is thereby afforded that all the 
nen'es of the branches of the carotid are excited. Acting directly 
on the superior cervical ganglia would be productive of more satis- 
factory results, if the sensibility of this part would allow such an 
operation. Faradisation of the cervical branches of the sympathetic 
nerve must therefore be performed, leaving to mere chance the 
finding an animal in which they form the exclusive, or almost 
exclusive, vaso-motory nerves of the branches of the carotid. In 
three experiments which we performed, we first convinced our- 
selves, after having tied the subclavian arteries, that compression of 



' Pcreirn, 'The Elements of Materia Medics,' 3d edit., vol. ii, p. ii, p. 1797. 
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the carotids did produce general convulsions. Both sympatlietic 

nenres were then laid bare to a great extent^ divided at the 

inferior cervical part^ and separated upwards from the cellular 

tissue, were placed on small leaves of gutta percha. It was 

unfortunate that in all the three animsds (white rabbits) the 

nerves were uncommonly thin, but the usual symptoms appeared 

in the blood-vessels of the ear when the nerves were divided, as 

well as when faradised, though general convulsions did not ensue 

after the latter operation. We then tied one of the carotids, so 

that the brain only received its supply of blood by means of 

the other one, and faradised the nerve on the side where the 

circulation continued. In two of the animals no effect was as 

yet obtained, but the pupils were not so dilated nor the background 

rf the eyes so pale as we had noticed in other cases. lu the third 

rabbit, however, the background of the eye turned completely pale, 

the pupil became dilated to such an extent that the iris could 

scarcely be seen, the eyeball protruded very much, the neck was 

drawn backwards, and violent convulsions seized the hiud legs, 

which were not tied. (The fore legs were made fast, the animal 

was lying on its back.) The electrodes were removed, when the 

spasms ceased, the pupil contracted, and the background of the eye 

turned red, but the animal continued in a swooning condition. 

After some minutes we again succeeded, by the action of electricity 

upon the sympathetic nerve, in producing the same effects as at first. 

A third attempt to excite by faradisation did not succeed. We 

tied the other carotid, which was still free, and the animal died, 

(probably from exhaustion of the brain) without again becoming 

convulsed. 

On account of their importance, these experiments deserve to be 
repeated in a greater number of cases, reducing, thus, perhaps, to a 
certainty, what at present is only probable ; — that epileptic convul^ 
Miona can be brought about by co7itraction of the blood-vesseU induced 
hf the vaso-motor nerves. 



CHAPTER XIV. 

UPON THE NERVOUS CENTRES FROM WHICH THE ALTERA. 
TIONS OF THE BRAIN RESULTING IN EPILEPTIC ATTACKS 
PROCEED. 

Mxinr causes producing epileptic attacks — for example^ great 
losses of blood and? strangulation, — ^affect the whole brain simulta- 
neously, and this organ undergoes at once the same alteration. These 
are undoubtedly epileptic affections whose seat is not to be looked 
for in this or that part of the brain, but which occupy the whole 
organ. We conjecture, for example, that this is the case in those 
frequent forms of epilepsy which appear after great losses of 
blood and humours ; in those connected with congenital and ac- 
quired atrophy of the brain ; in those connected with imbecility 
following madness producing atrophy, and in eclampsia of ansemic 
and cholsemic subjects, as well as of many who are poisoned. 

But in those epileptic attacks which are produced by spasm of 
the glottis, the central point of departure is to be transferred to the 
place where the roots of the nervi vagi and of the nervi accessorii 
Willisii originate, probably therefore to the medulla oblongata. 
Tt may be assumed that this source, by direct or indirect agencies, 
may undergo either a temporary functional alteration, so-called 
excitement, producing epileptic attacks, or be affected by a lasting 
alteration of a more powerful character, and thereby cause an epilep- 
tic disposition. 

If it be true that spasms of the cerebral arteries are capable of 
producing epileptic attacks, the central point from which these 
arise would consequently lie in the part where the vaso-motory 
nerves take their origin, and therefore, if the results of Schiff's re- 
searches be correct, in the medulla oblongata. An excitement of 
this nervous centre would then be the first link in the chain of 
these processes, anaemia of the brain the second, and the epileptic 
attack the third. 
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This IS what, reljing upon the facts brought forward, wc lia>'e 
ventured to pronounce upon this obscure, subject. The fiehl of 
possibilities is, however, not yet exhausted. We, nevertheh»ss, feel 
but little inclined to wander about in the dark and fanciful paths 
of mere hypothesis. 

Lastly, it should be borne in mind that pathological anatomy 
can give but little information as to the origin of epilepsy. It 
only supports the supposition to which all the symptoms of epilepsy 
already point, that this origin is to be souglit in the brain. But, 
as we have seen in our researches on the nature of epilepsy, tliis is 
more \ngorously supported by the etiological forces, and the great 
importance of the traitement moral. Physiological experiment alone 
furnishes reliable informatioiL 



CHAPTER XV. 

SYNOPSIS AND GENERAL SUMMARY. 

Synopsis of the ways in which Epileptic Attacks resulting from a 
sudden arrest of the Nutrition of the Brain may arise. 

I. Rapid losses of blood. 

n. Sudden stoppage of the flow of arterial blood to the brain. 

1. Mechanical closure of the great arteries of the head^ their 
larger and smaller branches (ligature, compression, plugs, injected 
air, &c.) 

2. Spasms of the muscles of the blood-vessels. 

a. By direct excitement of the central seat of the vaso- 

motor nerves (inflammation, local anaemia, poisons, 
&c.) 

b. By excitement proceeding from the mind (fright). 

c. By excitement from the sensitive nerves. 

d. By excitement from other motor districts which have 

been irritated. 

3. Venous stasis of the brain. 

III. Rapid transformation of the red blood, by which it is ren- 
dered incapable of nourishing the brain. 

A. Transformation of the red blood into black, by asphyxia. 

1. Asphyxia by mechanical methods. 

2. Spasm of the glottis (laryngismus). 

a. By direct excitement of the central seat of the motor 

nerves passing to the muscles that close the glottis. 

b. By indirect excitement of the same (especially by irrita- 

tion of the sensitive nerves of the mucous membrane 
of the trachea). 

3. Asphyxia by gases. 

B. Alteration of some other kind of the arterial blood (by 
ferments, poisons, &c.) 
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General Summary, 

Foe the sake of greater perspicuity we concisely group together 
the chief results obtained from our researches under the following 
heads : 

1. The convulsions appearing in profuse hsemorrhage of warm- 
blooded animals (including man) resemble those observed in 
epilepsy. 

2. When the brain is suddenly deprived of its red blood, con- 
vulsions ensue of the same description as those occurring subsequent 
to ligature of the great arteries of the neck. 

3. Epileptic convulsions are likewise brought on when the 
arterial blood rapidly assumes a venous character, as, for example, 
when a ligature is applied to the trachea. 

4. It is highly probable that in these cases the attack of spasms 
depends upon the suddenly interrupted nutrition of the brain. It is 
not caused by the altered pressure which the brain undergoes. 

5. Epileptic convulsions in haemorrhage do not proceed from the 
spinal cord. 

6. Neither do they proceed from the cerebrum. 

7. Their central seat is to be sought for in the excitable districts 
of the brain lying behind the thalami optici. 

8. Ansemia of those parts of the brain situated before the crura 
cerebri produce unconsciousness, insensibility, and paralysis in 
human beings ; if spasms occur with these symptoms, some excitable 
parts behind the thalami optici must have likewise undergone 
some change. 

9. Anaemia of the spinal cord produces paralysis of the limbs, of 
the muscles of the trunk, and of respiration. When the aniemia 
suddenly attains its greatest intensity, then only and even then but 
rarely, do slight trembling movements of the limbs precede paralysis. 
The sphincter ani acts analogously to the constrictor muscles of the 
face, in anaemia of the brain, that is, it contracts spasmodically 
before it relaxes. 
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10. Convulsions from hcemorrhage are neither psychical nor 
reflective. 

11. Convulsions from haemorrhage do not ensue — 

a. In cold-blooded animals, at least not in the frog. 

b. When the haemorrhage is slow, so that the vital power is 

only gradually consumed. 

c. When the animals are very much debilitated. 

d. Wlien the nutrition of the spinal cord has suffered. 

e. When large pieces of the excitable districts of the brain 

have been removed. 

f. In animals subjected to etherization. 

g. Doubtless also when excitable districts of the brain have un- 

dergone certain pathological alterations. 

12. As suffocation brings on convulsions, and etherization averts 
them, it is evident that etherization and asphyxia are two different 
conditions. 

13. The brain of warm-blooded animals can only be deprived of 
red blood for a short time ; otherwise it loses its capability of re- 
suming its functions when again supplied with the nutritive fluid, 
and the appearance of death becomes a reality. The brain of some 
rabbits preserved this capability for two minutes. 

14. It is sometimes observed, after the arteries of the neck have 
been tied, that the muscles of the trunk perish and take on 
the rigor mortis before the action of the left heart is extinct. 
Hence the left heart is not always the primum moriens among the 
muscular organs. 

15. Contraction and subsequent extreme dilatation of the 
pupils in the agonies of death, is no certain sign of real death and 
of the incapability of being revived, as maintained by Bouchut. 

16. To cure epileptic attacks caused by ancemia, there is no 
better method than that of renewing the supply of red blood. 

17. The debilitating method of treating epilepsy, especially by 
abstracting blood, should almost always be rejected. 

18. The quantity of blood in the cranial cavity can by way of 
experiment on the living subject be considerably increased or 
diminished. 

19. Hyperemia in the cranial cavity is caused by releasing the 
stoppage of circulation in the cervical arteries (arterial congestion), 
by tying the cervical veins (venous congestion), especially by simul- 
taneously dividing the cervical branches of the sympathetic nerve 
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(venous arterial congestion)^ and lastly by tying the trachea during 
inspiration (venous congestion by asphyxia). 

20. AnaBinia in the cranial cavity is produced by hsemorrhage 
and by tying the cervical arteries (passive anaemia)^ as well as 
by electric excitation of the vaso-motor nerves of the head (active 
anaemia). 

21. The quantity of blood contained in the cranial cavity after 
the Implication of a ligature to the arteries is greater than after 
haemorrhage; the anaemia as regards small arteries^ the capillaries^ 
and the smallest veins being always present to a greater extent. 

22. From the quantity of blood contained in the skull after 
death, it is seldom possible to draw certain conclusions with respect 
to the quantity contained during life. The death-struggle brings on 
numerous conditions altering the circulation of the blood in the 
skull, and even in the corpse the quantity of blood may still undergo 
alterations. 

23. The phenomena of the incomplete epileptic attack can be 
explained by alterations occurring in the cerebrum only ; whilst the 
phenomena of the complete attack presuppose an alteration of the 
whole brain. Convulsions in epilepsy are justly styled cerebral 
ones, and the spinal cord probably plays only the part of a con- 
ductor, transferring the impetuses it receives, from the brain to the 
muscles. 

24. Circumscribed anatomical alterations of the brain or altera- 
tions of protracted duration cannot be regarded as the proximate 
cause of epileptic attacks, but may cause epileptic affectionB (dispose 
to epilepsy). 

25. Pathological anatomy cannot give any explanation as to the 
nature of epilepsy. 

26. Suddenly withheld nutrition is only one of the causes by 
which the brain is brought into that peculiar internal condition 
which is manifested in the form of an epileptic attack. 

27. Arterial congestion of the brain does not seem to be 
capable of producing any other symptoms than those of paralysis 
(dizziness and apoplexy). 

28. Venous congestion of the brain, as well as arterio-venous 
congestion, brings about conditions which belong more to those of 
apoplexy than to those of epilepsy, and are characterised by paralysis 
of the glottis, together with a slower respiration and slight spas- 
modic symptoms. 
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29. Marshall Hall's spliagiasmus and trachelismns are not to be 
regarded as a source of epileptic attacks, but laryngismus will pro- 
duce them. All theories are false which assert the epileptic attack 
to be derived from a sudden determination of blood, whether active, 
passive, or mixed. 

30. It is probable that certain forms of epilepsy result from a 
spasm of the muscular coats of the cerebral arteries. 

31. The epileptic affection, which disposes to the attacks, 
occupies either the whole of the brain, or some districts only, and 
by it the brain is brought into that altered state on which the 
epileptic attack is based. 

32. The medulla oblongata, as being the part whence the nerves 
causing the constriction of the glottis and the vaso-motor nerves 
take their rise, seems frequently to be the spot from which eclamptic 
and epileptic att-acks proceed. 



APPENDIX. 



Aftee the preceding treatise was finished, we became acquainted 
with a highly remarkable case of epilepsy strongly supporting the 
opinion expressed by us that the medulla oblongata sometimes forms 
the centre from which the epileptic attacks proceed. 

In 1823, died in the Infirmary at Frankenthal, in the Palatinate 
of the Rhine, an imbecile boy, twelve years old, who had been 
affected with epilepsy from his birth, and had a remarkable pro- 
pensity to steal. The attacks frequently recurred, even on the 
same day. They exhibited this peculiarity, that they especially 
appeared when the patient made certain strong rotary movements 
with his head ; were of remarkably short duration, never lasting 
more than a few minutes ; and consciousness returning very rapidly, 
much sooner than in other epileptic cases. 

After a violent attack the patient became very ill, and on the 
following day all the symptoms of acute phrenitis manifested them- 
selves, to which the patient succumbed on the seventh or eighth 
day afterwards. 
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At the post-mortem examination the skull was found unaltered, 
indications of meningitis were present, and serous exudation had 
taken place into the cavity of the skull and spine, as well as into 
the ventricles. There was moreover an anomalous and unique 
fonnation of the first cervical vertebra. The atlas was not com- 
pletely ossified, but consisted of two separate lateral halves, united 
in the middle of the anterior arch by soft cartilage and by strong 
ligaments, but at the posterior arch only by very thin moveable 
thread-like ligaments, so that in the latter place the ends of the 
bones could be moved one over the other, whereby the foramen 
for the spinal cord could be very much narrowed. Hence there 
is much reason for conjecturing that in this case the epileptic 
attacks were caused by the pressure on the medulla oblongata when 
the head was turned. The vertebra is still preserved in the 
Infirmary, which possesses a rich and interesting collection, where 
we lately had occasion to examine it. We are indebted for the 
above-mentioned observations on the patient\s case to the kindness 
of Dr. Bettinger, the present excellent Director of the institution. 
They are partly taken from the annual report of 1823, given by the 
late Dr. Dapping, at that time Director of the Infirmary, who, in 
1829, laid the vertebra before the meeting of German Naturalists 
at Heidelberg (compare the report by Tiedemann and Gmelin, 
p. 73); partly from a letter of Dr. Hcpp, of Zurich, dated 31st 
March, 1857, who likewise had seen the patient. 

We have to mention, in conclusion, that on the left side of the 
superior surface of the vertebra, behind the massa lateralis, a sort of 
half canal was seen, through which the vertebral artery probably 
passed, whilst on the right side no trace of such a groove was to be 
found. 
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INTRODUCTION. 



The claims which may be asserted in behalf of the practice of 
resection of bones^ over the other operations which used formerly to 
be adopted in its steady may be thus stated : I. That it involves less 
danger to life. II. That it removes only the diseased bones. III. 
And that thus it becomes the first step in a process of repair by 
which a part of the body is restored to more or less complete useful- 
ness, which would otherwise have been sacrificed to the removal of 
the disease and the preservation of life. The difficulties in its 
performance (such, I mean, as the anatomical relations of the part 
render insuperable), and the length of time after the operation which 
is required for the cure, ought not to be set against these consi- 
derations in forming a judgment as to the value of resections, or at 
least only in a subordinate degree and under peculiar circumstances. 
But is it really a fact, that resections do possess these advantages ? 
or, what are their real results, and what place therefore is to be 
allotted to them ? This is the question — which has, indeed, been 
answered up to a certain point, but the complete determination of 
which is stOl a desideratum. 

After resection of bones had been introduced into the list of 
surgical operations by White and Park, towards the end of the 
eighteenth century, it reckoned few supporters for a period of 
many years, and also few opponents — ^in fact, it remained almost 
unnoticed. It was reserved for our century to decide whether re- 
section should be admitted among recognised operations. The 
number of its advocates increased rapidly in the early part of this 
century^ together with that of its opponents. The chief points on 
which observation was concentrated in deciding this contest were — 

8 
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the relative mortality after resection compared with other opera- 
tions; the possibility and certainty of removing entirely the dis- 
eased bones ; and especially what assurance there is of preserving 
the limb, and what is the desrree of its usefulness after recovery. 
When the balance had gradually inclined in favour of resection, 
and in consequence of the increasing number of its supporters, the 
operation had been extended over the whole skeleton, both in the 
substance of the bones and at their extremities, observation was 
necessarily directed, besides those general points, to the differences 
which arose according to the bone on which the operation was 
practised, according as the piece of bone was removed from the 
substance or the extremity and according to the extent which the 
resection had embraced. Here also the results spoke loudly in 
favour of resection. Soon it was no longer a question whether 
resections should be rec<^nised among the operations of surgery ; 
they had won this rec<^nition indubitably, and were greeted as one 
of the greatest advances of operative surgery ; and it then became 
rather the question (and this remains our task at present) to mark 
out the limits of the applicability of the operation, and to preserve it 
from the dangers of falling into disrepute, in consequence of results 
being demanded from it which it has never entitled us to expect, 
and which it can never afford. This task must necessarily go 
hand in hand vdxh an endeavour to make the operation perfect in 
all respects, and to explore as widely and investigate as deeply as 
possible the region which it may command. 

It is remarkable that, while numerous resources have been ex- 
pended on establishing the indications in cases of resection, «.y., 
the treasures of surgical science and experience for the diagnosis, 
the study of anatomy for perfecting the operative proceedings, and 
clinical obsen'ation for the after treatment, very little attention 
has been paid to the healing process after the operation. And yet 
it is indubitably from a faithful observation and accurate knowledge 
of this process, that we may obtain sure grounds for improving the 
operation in various directions, and for deciding the question as to 
its value. 

There are two ways in which this may be advantageously studied. 
The first is that of clinical observation of the process of cure; and 
this has been often used, but without earning the fruits which 
might be obtained from it. The observations which we find on 
record as to the course of the symptoms after the operation are for 
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most part so inaccurate, that they allow of no conclusion being 
[ormed as to the process of healing, and in some respects it seems 
impossible that a more secure conclusion can ever result from 
them. We must, however, express still greater surpriie at the in- 
accuracy of the data which relate to the result of the operation and 
the functional power of the part operated on. Except the remark, 
in resections of the extremities of bones, that a perfect ankylosis 
was produced, and in resections from their substance that the 
solidity of the bone was re-estabbahed, or a false joint formed, 
there is hardly anytliing in these records which can be made useful 
in the investigation of the healing process ; and even when we find 
an observation of this kind, we get hardly anything said about the 
other tissues, besides the bone, which have been involved in the 
ion — nothing about the extent of the ligamentous union be- 
the resected extremities of bone — nothing about the condition 

the latter themselves. Perhaps tliis also will not be found pos- 
tohle until the other course, that of analomical investigation of the 
healing process, has been more industriously followed. Thence, 
perhaps, a starting point may be obtained for an accurate and ex- 
haustive investigation on the living body ; and in this manner we 
shall succeed in finding the connecting links of the chain, the 
opposite ends of which we hold in our hands at the time of the 
operation and at that of the examination of the patient after 
recovery. 

The course of anatomical investigation into the healing process 
after resection of bones leads in two directions. The surest way of 
arriving at the object is to examine on the dead body, at the most 
various times possible after the operation, the parts on which re- 

ition has been performed. It seems almost to afi'ord a presump- 
in favour of resection, that bo little material (and, unfor- 
itelv, stil! less profitable material} has been obtained. It might 

assumed with some confidence, that a fatal result after resection 
is uncommon, and that the necessity of subsequent amputation has 
still leas frequently occurred. An opportunity has very seldom been 
foond of examining the body of a man who has been cured by re- 
section, and survived for a considerable time. 

But even in the cases where the opportunity has occurred of 
making an examination a short time after the operation, this has 
not often been done. When, however, examinations have been 
madp, what is displayed to the investigators is usually the product 
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of a diseased action, and not the normal condition of the healing 
process, so that nothing is gained towards the knowledge of the 
latter. 

The other method consists in experimenla on aninutU. These 
offer opportunities for studying the healing process in all stages, 
and usually give results which do not diverge from the normal state 
of that process. We must be caatious, however, not to draw direct 
concloaions from what we observe in animals as to the phenomena 
in men. Thus, to speak only of operations on rabbits, the ratio of 
mortality would be fixed exceedingly unfavorably for resection, 
inasmuch as nearly half the rabbits which I operated upon died. 
It would be assumed that in most cases, after resection of the head 
of the humerus, inflammation of the pleura, pericardium, or lungs, 
would be set up, as I have found to be the case in rabbits. Others 
have observed the same thing, and, in fact, Steiulin allowed himself to 
be thus brought to the general conclusion, that resections of the 
extremities of bones were not likely to supersede exarticulations 
and amputations — a view, however, from which he has since re- 
ceded. Besides, we must not forget how imperfect the treat- 
ment subsequent to the operation must be in animals, at the best, 
and, at the same time, how important it is to take the greatest 
possible care of them, and how much success depends on it. This 
circumstance causes a much more important difference in resections 
upon animals than in experiments on the healing of fractures, 
though there also the difl'erence is not inconsiderable. The errors 
which have arisen from this source, and which have long prevailed, 
have been recently exposed by Voetsch.' 

The errors, however, into which the use of these two means 
of anatomically investigating the healing process after resection 
may lead are mutually destructive. By the differences which 
appear between observations on the dead body and experiments on 
animals, we shall learn to separate the essential from the non- 
essential, the normal from the exceptional; while in other cases 
they will lead us to the causes upon which they depend. In the 
end we shall gain a clear insight into the process, and besides this 
shall obtain numerous hints which will teach us how to guide it 
for the patient's benefit. 

T have endeavoured, in the following pages, to contribute to the 

■ 'Die Heilung der Knockeabriiohe per priniain iuteDtioneiu,' Heidelberg, 
1847. 
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Olnstntion of the healing process by as complete a digest as pos- 
sible of the lecorded anatomical examinations of men and animals^ 
and by new experiments on the latter. The longer my investiga- 
tion has lasted^ the more clear it has beeome to me how far I still 
am from being able to form a perfect theory of the process; I 
hope, however, that I have contributed something towards this, 
and that, by the collection of new materials, I have been of some 
use towards the construction of a theory which shall be true to 
fact 

The greatest differences are observed in the healing process 
according as the resection is performed at the extremity or in the 
ntiiiance of a bone, t . «., according as the shaft or the epiphysis 
is resected. This division will, therefore, be observed in what fol- 
lows; and a chapter will be added about the healing process after 
extirpation qfbanei. 
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CHAPTEE I. 
ANATOMICAL EXAMINATIONS OF THE HUMAN BODY. 

L ReseetioM of the Extremities of Bones. 

A. Seseetion of the head of the humerus. — I find five examples 
of dissection of the human body after resection of the head of the 
hnmeros. Three of these belong to Textor/ and two to Syme.' 
The operation was performed three times on account of caries^ 
once on account of comminuted fracture^ and once on account of 
fracture complicated with other injuries. The patients had sur- 
vived the operation six months, six, ten, eleven, and nineteen years, 
respectively. The usefulne^ of the arm had been very great in all 
of them. It is reported in the case of one of them, a woman who 
was under Syme's care, and who could sew, knit, wash, and with 
the left arm (the one operated upon) could raise a fuU pitcher of 
water, and also in that of a man under Textor's care, and who con- 
tinued his work as a thatcher, that abduction of the arm was very 

* Hummel, * Ueber die Resection im Oberarmgelenk,' Wuerzburg, 1832 ; 
Teitor, ' Neuer Chiron.,' Tbl. i, stck. i, 3 ; Tcxtor, * Ueber die Wiedererzeu- 
gUDg der Knocken nach Resection bei Menscben./ Wuerzburg, 1843, p. 11. 

' Syme, * Treatise on the Excision of Diseased Joints/ Edinb., 1831, pp. 51, 
58; * Contributions to the Pathology of Surgery/ Edinb., 1848, p. 97. 
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imperfect, and could only be effected to any considerable extent by 
the patient making a movement as if to fling the arm away from 
him. I have seen the same thing in several cases, especially that 
of an officer on whom Professor Langenbeck' removed the head of 
the left humerus, on account of its having been crushed by a gun- 
shot wound, and in whom the motion of the arm was so good that 
he is still doing duty in the Prussian army. In the thatcher 
operated on by Textor the deltoid muscle was found remarkably 
thin eleven years after the operation, and firmly consolidated to the 
newly formed articular capsule and to the infra-spinatus muscle. 
This atrophy of the deltoid muscle, which is usual after resection of 
the shoulder, is probably occasioned (as Beid also says) by the 
division of the nerves and vessels of the muscle at the time of the 
operation, even if the whole muscle has not been cut across. Syme 
found in both his patient^s — who had died, one six months, the 
other ten years, after the operation — the head of the humerus 
rounded off and united by a firm ligamentous tissue to the shoulder- 
blade ; Textor, however, gives expressly two cases, six and eleven years 
after the operation, of formation of bone, which in the first appeared 
as a long styloid prominence, resembling the styloid process of 
the ulna, directed upwards, and in the second covered the upper 
end of the humerus, in the form of an uneven tubercular mass, 
about half an inch long. Of the eminences upon it, one served for 
the insertion of the long head of the biceps, the tendon of which 
must therefore have been divided ; a second, of small size, served 
to articulate with a small depressed portion of the glenoid cavity of 
the scapula, which was covered with cartilage. In the case of the 
thatcher, and in that of a patient who died nineteen years after the 
operation, Textor found a thick fibro-cartilaginous(?)' meniscus, in 
one case freely moveable, between the newly formed mass of bone 
and the glenoid cavity. This disc was in the latter case united by 
numerous bands with the acromion, the coracoid process, the sub- 
davius and pectoral muscles, and the humerus. In the first case, 
in which alone of the five a new articular capsule appears to have 
been formed, the meniscus was united to it. The articular capsule 
was found, united with a peculiar fibroid tissue, along about the 
upper fourth of the humerus. It embraced the bone firmly, and 

^ Petmscbky, ' Diss, de Resect, articulor. extremit. sup./ BeroL, 1851, 

p. 31- 
* The notes of interrogation are the author's. ^T&ans. 



RESECTION or THE KLBOTT, 



121 



I united intimately to all the parts in the neighbourhood of the 
bjoint, especially to the inner Kiirfaec of the deltoid and to the 
Vin at the situation of the cicatrix. The inner surface of this 
ktissue was rough, and difficult to separate from the bone. Inune- 
Idiatelj around the joint the tissue was much harder than in other 
, and resembled fibro-cartilage. The disc consisted of 
k.the same tissue, but was more advanced in cartilaginous (?) 
■ ibrmation. It appears from this that the so-called meniscus can 
■only be regarded as a thick fibrous envelope to the resected end 
lof the bone, and cannot be classed as an inter- articular cartilage. 
kHow the tissue connected with it is to be looked upon will be 
EBhown farther on. Textor considers the circumstance, that the two 
, patients in whom this meniscus existed were obliged to use their 
arms much more than the third, who, being a tailor, worked more 
with his forearm, of much importance in the production of this so- 
called meniscus. Perhaps, also, the fact that the two former 
patients survived eleven and nineteen years, and the third only six, 
should be taken into account. 

Ankylosis after resection of the shoulder-joint has not been 
L observed up to the present time. 

B. Reieclion qf the elbow. — The cases where arms, in which the 

operation of resection has been performed, have been examined a 

considerable time after the operation, are not more numerous than 

those above described, but they give a more uniform result. I 

find six of them, of which two belong to SjTue.' In one of these 

[ cases, when he examined the patient, who had survived the operation 

(which was undertaken on account of caries) only thirty-six days, 

and then died of pleuro-pneumonia, with formation of a large abscess 

in the lumbar region, he found the wound healed in most of its 

extent, but the cut ends of the bones were carious ; so that it appears 

probable that he had not removed the whole of the diseased bone. 

In the other case, amputation of the arm operated on was rendered 

necessary, ten months after the resection by caries, wliich attacked 

the wrist. Up to the time of the return of the caries, the patient 

I had been able to use her arm almost as well as the sound one, and 

Ijiad occupied herself principally with knitting. The ulnar nerve 

(liad been divided in the operation, and tliis had occasioned a feeling 

'Treatise on the ExoUion of Diaeaaed Joints,' Edinh., 1S31, pp.91. 
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of coldness and numbness along the ulnar side of the hand^ but it 
had disappeared entirely after a few weeks. The third case, which 
is recorded by Heyfelder,^ was also examined after consecutive am- 
putation of the arm. The resection was performed on account of 
caries, with false ankylosis of the arm at an acute angle. The 
wound was cicatrized in four weeks, and all movements of the fore- 
arm and hand were performed with great facility. Pain, however, 
continued in the joint, and abscesses formed twice in its neighbour- 
hood anteriorly, and a year and a half after the resection the fore- 
arm was hanging from the body, without any power of voluntary 
motion. The fingers could not be moved without pain, followed, 
after a short time, by convulsive trembling. There was a space of 
one third of an inch between the bones of the forearm. The resected 
ends were enlarged, and there was pain in them and in the shaft of 
the humerus. The muscles were flaccid, and the radial pulse was 
dose to the finger. In this condition amputation was performed 
three years after the resection. 

The three other cases belong to Roux,^ Thore,' and Textor,* and 
contain examinations of persons who had survived the operation 
four and a half months, three and a half years, and six years. 

Textor is the only one who, after " a preliminary^' examination of 
the arm operated upon, expressly asserts that there was new forma- 
tion of bone, and this to the precise extent necessary to produce 
a perfect new articulation of the ends of the bones upon each other. 
He found " a lengthening of the ulna to the extent of a quarter of 
an inch, on which the radius moved, as in the natural state, and the 
trochlea of the humerus appeared as perfect as if none of it had been 
taken away." 

All the others speak only of a rounding off of the bones and a 
union between them by firm fibrous tissue, which also partially covered 
the bony extremities. From the drawing which Syme gives, it ia 
impossible to say whether it is fibrous tissue or a newly formed mass 
of bone which covers the lower end of the humerus. It almost 

^ Amputation of an arm three years after resection of the elbow. Baser, 
Corresp. Blatt.., 1843, No. 45 ; Scbmidt, ' Jalirbuecher/ 1847; 5 Suppl. Bd. 

' ' Diction, des sciences m^dicales, Art. Resection/ torn, xlvii, p. 548. 

' Thore, A.M., ' De la Resection du coude et d'un nouveau pro(^6 poor la 
pratiqner/ Paris, 1843; Schmidt, ' Jahrb.,' 1844, p. 123. 

* * Uebcr die Wiedererzeugung,* &c., p. 13. 
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» be the latter, since sepamte parts of newly formed bone on 
f&e ends of the radius and ulna are represented similarly. 

Boui found the lower end of the humerus rounded off, smooth, 

land as it were encrusted (encroutee) by cartilage. The upper end 

i ulna was in the same condition. In the upper end of the 

iius was a carious spot, corresponding to a fistulous channel in the 

\ parts. In no case had a new articular capsule been formed. 

The muscles of the arm were atrophied in Heyfelder's case, and 

I considerable deposit of fat was found in them, as well as in the 

Bibcutaneous cellular tissue. All the other muscles, except the 

., had their natural points of insertion. Whether these had 

5en spared in the resection ia left undecided by the statement, that 

e portion of bone removed " was not large." The triceps was in- 

rted, in the case described by Syme, into the posterior surface of 

flie newly formed hgamentous tissue, and through this was connected 

1 the upper end of the ulna. 

In Teitor's case, in which the flexion and extension of the arm 

had been quite perfect, the triceps was firmly united to the cicatrix 

in the skin, without any prolongation to the ulna. 

L Heyfelder found the median and radial nerves in their natural 

■■position. The ulnar nerve made a peculiar bend at the point where 

f it runs behind the inner condyle of the humerus. The nerves were 

more broken up, and disproportionally thicker and softer than in the 

natural condition, almost like strings of ceDular tissue. Between 

the separate nerve-fibres were found numerous fat ■ vesicles. 

Heyfelder believes that this formation of fat must be considered aa 

the most potent determining cause of the incapacity for motion to 

which the arm had recently been reduced. 

The ends of the ulnar nerve, in Syme'a case, where it bad been 
divided, were encysted in an oblong sweUing, an inch and a half 
long, and overlapped one another inside this. The substance of this 
swelling was grayish in colour, and extraordinarily hard and tough ; 
it was united to the sheath of the nerve, and stretched inward between 
the separate nerve-fibres, which were thus spread asunder. Most of 
tliem terminated in the swelling in a free extremity, which appear- 
ance, however, might have been produced in the dissection. The 
remaining nerve-fibres became broader, stronger, and whiter in the 
swelling than they were elsewhere. Their upper and lower ends 
approached one another in tliis altered condition, and finally were 
united by a flaky substance hardly a hne in width, which, under 
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the mieroscope, was found to consist of numerous fine fibres crossing 
each other. These fibres turned of a deep yellow colour on the 
addition of strong nitric acid, and became firmer and less trans- 
parent. 

The process of regeneration of the nerve is thus seen to have 
begun. This fortunate event aft«r division of a nerve in resection 
appears to be rare. 

Reid ' believes that the reason of this rarity is to be found in the 
fact that the cut ends of the nerve are situated in the thicknesa of 
the Saps formed in the operation, and thus even by the most careful 
management can very rarely be brought into exact apposition, but 
almost always overlap each other. Such, however, was the case in 
this instance. Thus the impossibility of regeneration, which Reid 
believes to be caused bv this overlapping, is disproved. 

Besides the cases wliich result in the formation of a flexible and 
more or less long and firm material between the resected ends of the 
bones, we find healing frequently reported with more or less com- 
plete ankylosis. The incomplete ankylosis may depend on an ex- 
tremely short and very firm fibrous mass, occupying the space between 
the resected ends of the bones, or on an intimate union of the 
muscles which surround the situation of the joint, by which they are 
hindered from acting freely. But perfect ankylosis can only be 
caused by bony soldering of the ends of the bones together, and its 
occurrence speaks decisively of copious production of callus, and an 
approximation of the resected ends of the bones by muscular action. 

Esmarch' observed perfect and imperfect ankylosis thirteen times 
among forty cases of resection of the elbow, thirty-three of which 
were healed. Tlie after treatment has the most important influence on 
this result of resection. Most of the cases of ankylosis just men- 
tioned occurred among the patients who had sufi'ered resection of the 
elbow in the Scldeswig laKarettoes, after the battle of Idstedt, and 
had afterwards been treated in the Danish lazarettoes. The Danish 
surgeons had never practised the operation, and being apparently ig- 
norant of the value of timely passive motion, had entirely neglected it. 

c. Resection of the lower end of tie ulna. — Biandin^ resected the 
lower end of the nlna in the extent of five centimetres (nearly two 
' ' Die Resectionen der Knochen.,' Nueniberp,' 1847. 
* 'Ueber Resection nacL Soliasswunden,' Kiel, 1851. 
' ' JonmBJ de M&l.,' par Clumpion, Avril, 1843. 
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iches), in a man thirty-two years of age, a baker. On the death of 
' e patieul, seven and a Iialf months afterwards, a fibrous tissue was 

ind in the place of the excised bone, in which several points of 
saification had been deposited. The wrist-joint bad preserved its 
^obihty completely. From the absence of ankylosis between the 
^arate carpal bones, Blandin deduces the conclusion, that the joint 

i not been opened in the operation, (?) 

D. Reweiion of the Aip-joist. — Anatomical investigations, which 
might give any data as to the changes after resection in the hip- 
joint, are almost entirely wanting. Perhaps I may be allowed to pro- 
duce here a case observed at the surgical clinique at Jena, and which 
is related by Reid.' The head and neck of the femur, wliich had 
separated spontaneously after an abscess in the joint, in a boy of 
fifteen, were extracted through an incision. After the death of the 
patient, which was the result of Bright's disease, a year afterwards, a 
new joint was found, two rounded processes having been formed on 
the remains of the neck of the femur, the upper of which was con- 
nected with a bony prominence above the acetabulum, and the lower 
(situated immediately in front of the small trochanter) with the 
original articular cavity, by firm fibrous tissue, in such a way as to 
admit of motion. The motions of the limb were limited. 

Two accounts of dissection after excision of the upper end of the 
femur are given by Testor^ and White.* 

In Teitor's case the patient was a man of fifty -four years of age, 
who suffered from caries of the neck of the femur and the trochanter 
m&jor. The head and neck of the femur and the trochanter major 
were removed. The patient died of hectic fever fifly-three days 
afterwards. The wound was united, except a small part. From the 
■mall trochanter outwards new bone was deposited over the upper 
tiiird of the femur, the cut surface of wliich had become rounded off. 
At the upper and inner side of the femur a depression resembling a 
neck was formed. The acetabulum, which was partially covered by 
granulations, was healthy ; at separate points of it there was also 
fooad a deposit of new bone, which, however, separated again on 

■ hoc. cit., p. 388. 

* ' Oppeiilieini. Ueber die Itesection du Hueflgelenks,' Wueraburg, 1840, 
P-45- 

* ' Cilkloguc of tlio Pathological Specimens coutoined in Ihc Museum of lite 
Rojal College of Surgeons of Euglund,' Londoo, 1847, vol. ii, p 330. 
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maceratioQ of the pelvis. The upper end of the femur rested against 
the iscbium at the posterior edge of the acetabulum, so that s 
depression had been formed in this bone one and a half inch long, 
half an inch broad, and two lines in depth. 

White resected the upper eud of the femur, just below the 
trochanter minor, on a boy thirteen years old. In one year recoTcry 
was so perfect that tlie boy could execute flexion, extension, and in 
fact every other motion of the joint, except rotation outwards. He 
died within five or twelve years' after the operation. The account 
is not exact on tliis point. The ilium and the remains of the 
femur were found thin and light. The thigh-boue rested with ita 
upper extremity against the hinder part of the acetabulum, and was 
united to it and to the neighbouring portion of the os ilii by a firm 
ligamentous tissue, which appeared to belong partly to the remMns 
of the articular capsule which had been left between the bones. A 
muscle was inserted into this tissue and into the upper portion of 
the femor. Nothing more is added in the description of the pre- 
paration. 

s. Resection of ike knee-joint. — Among the comparatively few 
cases of resection of the knee there are only two which elucidate 
the healing process by dissection. Those who have recovered after 
resection of the knee bave obtained, some a perfect, some an imper- 
fect ankylosis, and others free movement at the situation of the 
joint. The first result seems to be the only favorable one, since in 
the two others the nnioo between the resected surfaces of bone does 
not attain, even after a long period, the degree of firmness and 
solidity which is necessary for voluntary motion of the leg at the 
knee. The patients in whom these resnlts had occurred, and in 
whom the immobility of the knee could not be replaced by a 
machine, either demanded amputation at a later period, or they 
went on crutches, dragging the leg after them as a mere incum- 
brance. 

In the case examined anatomically by Wachter'' the resected 

' The true date Sfpeirs lo ba five jeara. Tliis, at leajt, is the time men- 
tioned bj Mr. Soutb iu hia account o\ iLe case {" Chelius' Surgerj,' vol. ii, 
p. 960}; and the appearance of ihe bones in tlie preparation shows that the 
paiienl: coiild not iiave attained the age of twentj-five, as he would have done 
had he survived the operation twelve jencs. — Tbahs. 

' 'Divert. deArticulis Eilirpaniiia,' &c., Gnining,, iSio. 
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l.lwnes had been soldered together by a mass of callus, but the Utter 
again uodergone partial softeniiift in the puerperal state. The 
itient was thirty-four years old, had borne nine children, and had 
Tered from caries of the knee-joint. Mulder removed on tliis 
account the lower end of the femur, about two inches above the 
condyles, and the end of the tibia close above its junction with the 
fibula, and took away the patella. Immediately after the operation 
the space between the resected extremities of the bone was dimi- 
nished by the contraction of the muscles and skin. The limb was 
kept in a state of extension by an apparatus, and the resected ends 
^proximated as much as possible. The wound was almost entirely 
dosed by suppuration ; this was accompanied by tolerably severe 
continued fever, and there was present also a train of symptoms, 
iriiich were probably dependent on the (unrecognised) pregnancy of 
[Hie patient. A month after the operation the ends of the bones 
■were already so firmly united that the patient could raise her limb 
easily without pain, and enjoyed perfect motion of the foot and toes. 
About four weeks afterwards she was unexpectedly brought to bed 
of twins. Two days after this the suppuration in the wound, which 
was then in small quantity and healthy, was replaced by an extra- 
ordinarily profuse secretion of a waterj' fluid nnixed with white 
fiocculi, and this afterwards gradually diminished and gave place 
again to suppuration in the wound, which was now almost all broken 
open afresh- Acute cough, with profuse expectoration and contin- 
uous diarrhosa, so exhausted her strength during her lying-in that 
she died about three and a half months after the operation. The 
extensors of the leg on the limb operated on were rather shorter 
than natural ; the extensor tendons were firmly united to a newly 
formed process of bone, which projected above the lower end of the 
femur, and had nearly the form of the knee-pan. The flexors of 
the leg had their usual attachments to the tibia. Beneath the 
newly formed bony process was found, between the ends of the bones, 
a small carity filled with pus. The callus, which surrounded the 
eaia of the bones with a firm covering and soldered them together, 
appeared to have been again broken up and dissolved at the lower 
part of the newly formed process corresponding to the patella. The 
upper end of the tibia, corresponding to this spot, appeared to be 
carious. At each side of this process there was found running 
obliquely backwards a deft of similar appearance, between the ends 
of the bones and the mass of callus, and by means of this cleft 



I 



^^ Bti: 



ox RKPAIR AFTRR KKSKCIION OF BONKS. 

rhe boues, which had before beeu soldered together, were in part 
separated again. The head of the fibula, to judge by the drawing 
given by Wachter, was unaltered. The mass of callus extended 
up to it. In the ankle-joint was found some pus, and there was 
incipient caries of the contiguous articular Burfaces of the tibia and 
astragalus. Eeid ' describes a second case operated on by Jaeger. 
The operation was perfonned ou account of caries on a man twenty- 
eight years of age ; one inch and four lines of the lower end of the 
femur, the articular end of the tibia, for the extent of nearly an inch, 
down to the head of the fibula, and the patella, were removed. The 
section of the tibia sloped rather sharply upwards in its posterior 
half. The surfaces of the bones were kept constantly in contact, 
and the limb extended. In the tenth week the first attempt was 
made to raise the limb, and in the fifteenth to walk. Five weeks 
later the patient was in condition to be discharged, with a thoroughly 
useful bmb. The femur and tibia were firmly united by callus. 
The lower end of the femur had sbpped somewhat forwards and 
outwards, and its projection could be plainly felt in this situation 
beneath the cicatrix, which was firmly united to the bones; while 
the prominence of the posterior edge of the tibia could be made out 
in the popliteal space. This displacement had occasioned an incon- 
siderable curvature outwards in the neighbourhood of the knee. The 
muscles of the leg and thigh were not much diminished in size, 
but were flaccid. The shortening of the limb meaioired two inches. 
The patient on recovery was able, after the interval of a year, to walk 
securely and for any length of time with a raised heel an inch thick 
on his boot, could ascend mountains, stairs, or ladders, and could 
even dance. A few years before his death he fell off a ladder and 
broke his fibula hi the lower third. Thus it seems that the uuion 
at the knee was firm enough to resist the force wliich caused this 
fracture. Fourteen years after the operation the patient died of 
pulmonary consumption. Reid found the cicatrix firmly united to 
the bone, the extensor and flexor muscles of the leg atrophied, and 
partly converted into fat. The ends of the femur and tibia were 
firmly united by bouy union, with displacement transversely and 
partial rotation on each other. The joint between the tibia and 
fibula was unaltered. The traces of the fracture of the fibula were 
BtiU plainly apparent. 

The preparation of a bony ankylosis, which was formed in u 
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e of resection of the knee by Cmmpton, may be found in the 
Hnnl«riaii Museum at London, I have been unable, however, to 
find ihe description of it.' 



PHbperal 
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r. Reseciion of the loteer end of f&y la. —Onst^ performed tliis 
itioa on account of cariea Uniited to the external malleolus. 
TRic patient was a bricklayer of phthisical constitution, weakened by 
frequent confinement in prison. Tlie motion of the ankle-joint was 
niumpeded and the joint unaffectfid by the carious process. The 
tendons of the long and short peroniei muscles were cut through in 
the operation. The deep cavity left by the resection was filled with 
charpie, and the edges of the wound brought together over this with 
sticking plaster. Violent inflammatory symptoms appeared in the 
neighbourhood of the wound, but yielded to topical antiphlogistic 
measures. ITie wound healed by granulation, and was cicatrized in 
from forty to fifty days. The patient was discharged on the ninety- 
siith day and immediately went to his work. The foot was capable 
of adduction as in the natural condition; but the power of ab- 
duction, as well as the rotatory movements of the foot, was 
destroyed. Extension and flexion were almost as free as in the 
natural condition ; they were effected, however, not in the joint 
between the tibia and astragalus, which appeared to be ankylosed, 
but in those between the astragalus and the scaphoid and calcn- 
neom. The patient died of consumption nearly three years after 
the operation. 

The tibia and astragalus were found ankylosed ; the capsular liga- 
ment between the astragalus and scaphoid had become very loose and 
extfnaive, and allowed of very free movements in the corresponding 
joint, ITie fibula was closely approximated to the tibia, and was 
firmly and intimately united with it. No regeneration of the bone 
had taken place, but the i>erio9teum was continued directly into a 
ligamentous substance, which formed a sort of blind pouch around 
the cut end of the fibula, and passed over to the bones of the 
tarsus. By means of this newly formed ligamentous tissue, the 
danger of dislocation, which occurred whenever the sole was not 
planted quite level on the ground, was obviated ; it also opposeil 
extreme adduction of the foot, and was sufficient, by its structure, 



1 urticulatione libio'larsen. 



130 ON REPAIR AFTER RESECTIONS OF BONES. 

strength, and extent, as well as by the nature of its attachment, to 
protect the joint and to replace the lost malleolus. Nothing is said 
as to the state of the tendons of the peronsei muscles, which had 
been divided in the operation. 

o. Beaectiou of the inner half of the ot colds. — ^The power of re- 
generation of the short bones is usually placed far beneath that of 
the tubular bones. With respect to regeneration after resection 
of the extremities of the bones, the difference cannot i priori 
be assumed to be so very considerable. The articular ends of 
tubular bones are hardly distinguishable in anatomical structure 
from the short bones ; even the periosteum, which covers the short 
bones, is wanting in a portion of tlie others, and the diffidence can 
i priori be founded only on this consideration — ^whether in resection 
of the long or tubular bones the shaft is more or less involved in the 
operative proceeding. That this h priori conclusion is correct 
is shown also by experience. The only account of an anatomical 
investigation after the resection of a short bone which I have been 
able to find, gives a result not essentially different &om that which 
we have seen after resection, for example, of the lower eud of the 
ulna or the fibula. Eergusson,^ in the case I allude to, amputated a 
foot at the tibio-tarsal joint, in which he had seven years before 
extirpated ahnost all the inner half of the calcaneum on account of 
caries. He found the bone partly regenerated, and the place of the 
lost substance partly occupied by a fibro-cartilaginous matenaiU 
The utility of the foot had been perfect. 

II. Resection in the substance of a bone. 

Anatomical examinations on the human subject, incases where the 

patients havesurvived for a long time after resection from the substance 

of bones, are very scanty. They are confined exclusively to resections 

of the ribs and to trephining. If we call to our assistance the 

examinations of patients during life, what was said in the Introduce 

tion applies to them. They show us, in cases of the r^noval of 

pieces embracing the entire thickness of the shaft of a bone, ite 

replacement either by a new, solid, bony union, or by a non-osseous 

flexible uniting medium, with more or less shortening of the 

limb. 

* 'Medical Times/ June 14, 1851. 
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The cases in which resections have been perfnrmecl in tlie 
substance of bones for the extraction of sequestra in central necrosia, 
or for the removal of bones affected with peripheral or totaJ necrosis, 
cannot, be made use of unconditionally here, in endeavouring to 
illustrate the healing process after resection. These operations for 
necrosis have also not been usually reckoned as resections. The 
healing process in these cases does not take its origin from the 
operation only, but the beginning of the process of regeneration, by 
which the dead hone is to be replaced, is to be dated rather from 
the commencement of the necrosis ; and its conclusion is accelerated 
on the removal of the necrosed bone, whether that removal has been 
accomplished by the powers of nature or by operative means. The 
rcgenexative process which was previously in full march, may, how- 
ever, possibly receive a fresh impetus from the operation and the 
inflammation consequent npon it. It is therefore no matter of 
surprise, that most of the resections performed for necrosis have 
obtained the most favorable result, viz., that of the regeneration 
of the resected bones; and that after these operations bony re- 
sloralion occurs in those bones in which the loss of substance 
after resections for other diseases is very rarely indeed replaced 
by bone. This is the case especially with tlie lower jaw. 
After resection of this bone for comminuted fracture, for 
new formations, and so forth, the piece removed is in most 
cases replaced either not at aD, or by a narrow and strong, 
but flexible cordj while Lesser' has put together about thirty 
cases; and more recently Thormann,' Yirchow,* and Geist,* 
have communicated others of a similar nature, in which, after 
partial or entire removal of the lower jaw, when necrosed, bony 
reproduction has taken place; and Sbulze^ has even observed the 
formation of teeth in the regenerated jaw. Perhaps this difference 
may be explained also by the circumstance that in resection of 
the lower jaw for other causes than necrosis, the periosteum is not 

' Full eiaer ZeraLoriing und AbsonJerung ies Grossten Tlieila des Mon- 
dibula DebsL Regeueratlon dei KbdcIicds, ' Grriere a. Wulllier Joum.,' Bd. xsii, 

' ' Graefe n. Wnltlier Jouni.,' Bd. «», Hft. a. 

' HegeneiBlion des Unlerkiefers nacli der I'liospljor. Nek rose, 'Verliaod- 
lungen dcr pbja. incd. Gesellacli. z. WurzburR,' No, i, 185J. 

* 'Die Regeneration dea Unterkiefera nacli tolalen Kekroae durcli Plioi- 
pliordampfe,' ErIan);eD, 1853. 

' • Wslther. o. Ammon Joum.,' N. F., Bd. ii, St. 4. 
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preserved; while in resection on account of necrosis, this mem- 
brane is usually so thickened and separated from the bone, and so 
closely imited to the other soft parts, that it is almost more easy to 
leave it behind than to take it away. This consideration must be 
permitted to have its due weight, inasmuch as the periosteum is 
allowed to be the principal, though not the sole agent, in the repro- 
duction of bone. Bied on this account advises that, in resection of 
the lower jaw, the posterior lamella of the periosteum at least 
should be preserved. I cannot, however, coincide in his opinion, 
that this preservation of the periosteum is easiest in resection on 
account of mechanical injury, and that, in caries and inflammation 
of bone, the periosteum is usually found firmly united to the bone. 
All the particulars which establish a difference between the healing 
process after resection in necrosis and the healing process after 
resection on account of other affections, result from the researches 
of Troja,^ and the series of experimenters who followed him. Lately, 
Geist* has called attention to the " regenerating membrane'* which 
he asserts to be formed in the process of necrosis, and to possess 
the exclusive property of the new formation of bone. I have not 
been able to find this in resections upon animals, and must, there- 
fore, class it among the differences above alluded to between them 
and men. 

The differences between the healing process after the operation 
for necrosis which has been treated by resection or extirpation of 
the bone, and the healing process after resections performed for other 
diseases, ap{)eared to me to be most conveniently touched upon in this 
place, where resection of the substance of a bone is spoken of; 
since necrosis most usually attacks the shaft, and seldom the 
extremities of the bones. What has been said about necrosis 
is gcnierally true of all the cases in which the separation of the 
disejised bone from the soft parts which surround it is produced by 
the natural forces, and the operative proceeding effects only the 
final removal of the bone. The process of regeneration is a fEtf 
more productive one than in other cases ; and, especially as relates 
to the bone, the restoration of the part removed occurs more 
rapidly and more certainly than in the cases where the separation of 

* * Ncue Boobnclitungeii und Versuche iiber die Knocken, fibers : von 
Scliocnbcrg,' Erlangcn, 1828. 
' Loc. cit. 
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''the part removed is effected by tlie operation ody. The anatomicaJ 
details which liave been described after resection in tlie substance 
of a bone support this assertion. 

Karajew' and Textor* esamined tlie bodies of two men on whom 
they had resected a carious piece of a rib, respectively eight and 
four and a half mouths previously. Tlie length of the piece was 
twelve and a half lines in the first cose, and two incbes four lines 
ID the second. In both cases the periosteum was left in the opera- 
tion; in both the piece had not been reproduced in its whole 
cubical extent, but the two cut surfaces were united together by 
irregular deposits of bony material. Karajew reroarks expressly, 
that the deposit, especially at the posterior surface^ where the 
periosteum had been preserved, was found to be about a line in 
tliickness; while on the anterior surface, snd between the two ends 
of the rib, no bony matter was to be seen. In Teitor's case, to 
judge from the drawing, the state of the parts seems to have been 
somewhat similar. Tlie same may be said as to the various smaller 
and larger foramina through which the nutritious vessels passed 
into the interior of the new masses of bone. Only Karajew mentions 
them expressly ; but Textor figures them, and at the same time the 
envelope of very much thickened periosteum by wliich the new mass 
P id bone wiis covered. 

[ An examination by Ried' had an opposite result to this;. He 
Bected the sixth rib at its junction with its cartilage. Violent 
K compression of the thorax had caused a fracture of the rib at this 
spot, followed by the formation of abscess; and at the opening of the 
abscess the bony end of the rib was found carious, and the carti- 
laginous fragment exposed. At the operation about half an inch of 
each was removed- Three years afterwards, on post-mortem exa- 
mination, a narrow fistula was still found running in the direction 
' the costal cartilage, which had by degrees entirely exfoliated. 
e bone was covered by a cicatrix, and there was no trace of repro- 
iion either of it or of the cartilage. 
' Equally scanty with the cases referred to above, are the notices of 
^tion of persons who have survived trephining for a long period- 
\ examinations performed a short time after the operation, tlie 

' Fricke n. OppeDheim Zeitachrjft fur die gesamtnte Medicin,' Band xtj, 
is. 

'Ueber die WieJcrerzciiguag der Knocliea,' &c., p. 15. 
'Die Rcseclionen der Knoclien,' Niirnbcrg, 1847, p. 150, 
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pericranium surrounding or covering the loss of substance of tlie 
bone has been found swollen and reddeoed, and a similar alteration 
has been discovered in the dura mater lying at the bottom of the 
opening, with occasionallj the deposition of a red brawny material 
on the latter. Later on, the whole opening has been found filled 
with granulations, proceeding from the nkin, dura mater, and sections 
of the bone ; and then a bevelling off of the sharp mai^ina of bone 
through partisJ necrosis and exfoliation has usually been obserred. 
The closure of the opening is finally effected for the greater part by 
a fibroid mass, intimately united to the dura mater and the 
pericranium, and in smaller proportion by bony formations pro- 
ceeding from the edges of the outer and inner tables of the sktdl. 
Rokitansky has observed such formations proceeding also from the 
surface and edges of the wound in the soft parts, and divides them, 
as in the union of fractures by the first intention, into primary and 
secondary call us- formations. He leaves unexplained the causes of 
the scanty production of callus in the cranial bones, a circumstance 
which is found also in the perforations caused by necrosis. The 
case is different with resections in which a piece is remored not 
indnding the whole thickness of the cranial bones. The loss of 
substance in the-se cases, as occurs in similar circumstances aft«r an 
injury, is usually replaced completely by a newly formed mass of 
bone, Dubreuil ' does not belie\*e that a defective power of repro- 
duction peculiar to the bones of the skull is a sufficient cause, but 
refers the phenomenon to the injury or destruction of the pericranium 
and dura mater wliich generally takes place at the same time. He 
examined the body of a sailor, who had died of apoplexy eight years 
after trephining. A fibrous material only closed the opening of the 
trephine, wliile on the contrary a bony cicatrix was found on the 
forehead in the situation of a loss of substance of the outer table, 
New bony substance covered by pericranimn was found in this part, 
This substance was separated from the vitreous table by a small 
interval, which became perceptible after maceration, and was filled 
with irregular bony granulations (?) ° 

An account of a similar dissection has been communicated by 
Guensburg.' It is distinguished for accuracy, and therefore worthy 
of mention. The skull was that of a female who had survived the 

' Prease Midicale,' 1837 ; ' Troriep Notisen,' 1837, p. J36. 

lole of interrogation is tlie author's. — Tbaks. 
•Deutscbe Elinik,' 1850, No. 8. 
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The loss of sub- 



stance, which was situated at the junction of the coronal and left 
squamous sutures, was covered bj a membrane which had a tendinous 
lustre, and waa convex towards the cavity of the skull. This 
membrane, however, was deficient in several places, and in these 
was filled up by a deposit on the dura mater to the height of a line. 
~" upper layer of this deposit consisted of irregularly polygonal 
;es, or of a mass resembling homy epithelium, wliile deeper down 
fibrous structure was found, which consisted of thick bundles 

fibres crossing each other in various directions, and was inserted 
into the thinned edges of the bone. Erom the sharply -defined and 
wall-like edge of the deposit fine bundles of fibres resembling 
needles ran out in a radiating manner into the tissue of the dura 
mater, and corresponded to the grooves between delicate processes 
of bone, which were deposited on the vitreous tables starting from 
an inch beyond the opening, and proceeding up to it and in part 
across its edge. The material first mentioned as having a tendinous 
lustre consisted of layers of horny epithelium closely packed one 
over the other. 

Against these facts is to be placed the restoration of the bones of 
the head after complete loss of both tables, which has been observed 
in a whole series of cases collected by Klencke, ' to which he has 
also added a fresh instance. In all these cases, which relate to loss 
of substance, partly by necrosis, partly by trephining, the dura mater 
was preserved. On this account, and from his experiments on 
animals, Klencke considers this membrane the true matrix for the 
regeneration of the bones of the skull. 



tin. Extirpation of bonet. 
What has been said about resection from the substance of bones 
is true also in general of resection of entire bones. It seems in this 
case also lo be a question of saving the periosteum as much as pos- 
sible, since where this has been found possible the bone has been 
regenerated more or less perfectly without any considerable short- 
ening of the limb ; while, where the periosteum has not been pre- 
served, a fibrous cord firmly united with the cicatrix has usually 
been found in the place of the extirpated bone, Ried seems to cou- 

' ' Phjsiologia der Enfctuiidiing und lUgeneratiou in organiachen Gewbon,' 
(BpWgi i84», P- 197- 
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sider even this appearance as, at least frequently, deceptive, and 
puts down this cord for nothing more than a cicatrix of the 
soft parts around the extirpated bone matted together. My ex- 
periments on animalft oblige me to assent to this view. When 
he speaks, further on, of irregular cartilaginous or osseous points, 
which are occasionaUy deposited to replace extirpated bones, I do 
not understand whether he places the seat of the deposit in this 
cicatrix, or in a veritable fibroid cord which he may have observed 
in other cases. I am almost led to believe the latter, since he men- 
tions, as a known fact, the deposit of such points in the liga- 
mentous uniting medium which, under certain circumstances, is 
found between the cut ends of bone after resections from their 
substance. 

Very few accounts of dissection after extirpation of long bones 
are on record. Meyer,\ of Zurich, extirpated the clavicle, on 
account of caries, on a man thirty-one years of age. The wound 
was cicatrized in seven weeks ; the patient soon obtained perfectly 
good use of the arm. In the situation of the extirpated bone a 
mass of new bone, of the form of a normal clavicle, was plainly to 
be felt. Tlie patient died about five years after the operation. At 
the dissection there was found, between the facet for the clavicle on 
the sternum and the acromion, a fibrous, almost cartilaginous (?)' 
baud, on which the lower edge of the newly formed bone was sup- 
ported, and with which it seemed to be continuous in some places. 
Tlie length of this band measured four and a half inches, that 
of the newly formed bone three inches ten lines. The latter was 
very thin, flattened towards the stemiun, but more rounded towards 
the acromion ; the end towards the manubrium stemi, which was 
somewhat broader and thicker, articulated with it by a well-marked 
articular surface. About an inch from the acromion the new bone 
endt»d in a tliick head, which was united to the acromion by a broad 
thick baud. In the latter a few well-marked granules of bone were 
deposited. The upper edge of the new clavicle formed towards its 
sternal end a marked angle pointing upwards, and towards the 
acromial end an angle pointing downwards ; its lower edge did not 
correspond, in consequence of a few deposits of bone passing further 
down into the fibrous band. 



* ' Graefe u. Walther Joum./ Bd. xix, p. 71. 
' The query is the author's. — Tbans. 
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D'Angerville' relates a similur case, in which Moreau removed 
I the whole clavicle in a young man on account of necrosis. The 
^wound healed quickly, and the arm regained its former usefulness. 
kOn dissection a few months lat«r a new clavicle of the normal length 
^.anil solidity was found in the situation of the extirpated bone, arti- 
l^ulated in the normal manner to the acromion and sternum. 

A case operated on by Kunst' is to be added to these, whicli iu- 
K-deed has not as yet been the subject of dissection, but where accu- 
^.iat« examination during life enables ua to arrive at a conclusion as 
to the changes which occur after extirpation of the clancle. Here 
no bony reproduction of the clavicle took place, yet the arm was 
perfectly serviceable for the hardest work, and the shoulder firm 

i .enough to carry burdens. The left clavicle had been removed 
-aleven years before the examination, on account of caries. On ex- 
amination the articular surface on the manubrium, about as lai^e as 
,M walnut, could still be felt empty ; from this point np to a tubercle 
jm the first rib (apparently the elevation for the insertion of the 
walenus auticus muscle) the skin was firmly united to the rib. A 
icord-like material stretched outwards from this latter point to the 
acromion, in firm connexion nith the cicatrix of the skin, 'lliis 
cord could be moved a little upwards and downwards, and separated 
■tlie supra- and mfra-clavicular depressions from each other. The 
clancular portion of the sterno-inastoid was inserted by a cord-like 
process into the before- mentioned elevation on the first rib, and was 
tensely stretched from tliis point to the fourth cervical vertebra, but 
■without afl'ecting the position or mobility of the head. The left 
shoulder had sunk an inch and three quarters below the right; 
the point of the scapula was directed rather obli(|uely backwards, 
and was higher than on the sound side, and at a greater distauce 
tram the ribs. If the patient placed the left arm upon the right 
aide of the neck, the head of the humems approached the cervical 
tebrat within two inches and a quarter, wliile the head of the 
fight humerus in a similar movement remained at a distance of four 
kiiiches from them. 

Bacord ' lias observed a case of regeneration of the whole of the 
humerus, together with its upper articular end, in a case wliich, 
although it does not belong to the class wluch we are here con- 
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ftirlf'Mfif/, yri ilfrMTVf**! Ut Ixt nolimi, because it affordi a proof ho"w 
NlMitiditiif' fitf rt'\irtti\tu'i'utu of u hone is, if its separation hare been 
itlfiwh'il |iniin|fiall)' \ty tin*, nuttiral forces^ and if the periosteom haa 
liiMMi M\ lii'lfiiiil. Afl^T fin ftrnputiition of the foreann bdow the 
rlliiiw, (lir Htufiiii wiiM nltiirknl by gangrene^ which stopped at the 
ii|i|irr iinii. Thr iir|mmtioti of i\\v nloiigh was fuUy accomplished bj 
Hiiliininttinn in i« nmntlt ; nftrr \\m thn humerus lay perfectlj exposed 
in (Itn Inwrr |iiifl. Nix months aftrrwards the humerus^ which had 
biMMitnn ■|innliin«MinKly ilinlornttMl, was rxtracted by a long incision. 
Tltp |MMin«trnni wan llnnly uuitrd to tlirnnghbouring muscles^ coold 
bo olimrlv nMHi^niNiMl, and waM loft bt^liind. Two months later the 
Muni|t, {\\\\n dojinviMl of it^ bonr, had again acquired considerable 
nolubt) i at tho ond of anolhor month it brramc necessary to ampu- 
tate \\ at \\w nluMiKIrr joint. In the centre of the amputated stump 
H nr\^ t»ono, t\MM\t\ two ivntinietre!* (eight inches and a half) long, 
•ind tlihH' t\« t\mr (vntunetre^ in breadth (about one inch and a 
«|nav(('t\ wti* f\mnil. At the u^jht end of this there was an articular 
anit'A\M' tsMi^>Ml^nh(uig jH^rlWlly to tl\e glenoid cavity, and closely 
\\\\\\\^\ \\^ \\m%\ s'^wX) b\ a hgan\ent attiioheti all round it. Another 
l^^^^««^ swx \\\s\ tnneiMsl^' of tl\e now b\Mie was connected firmly to 

\n.M>vmKsd e\:otnn,*^tkonH ,irtor ihe e\tir(>at ion of short bones are 
AlmvVfei onutvU \^:%nunx Hu* di^'^iviiou whioh Textor, jun.,' per- 
H^iu^ssl vMi A (\vrN>ann ev)?ht^ tour d^^s After extirpation of all the 
^^^\^v^* >v| *Nv s\%ton^ sbx^U.4\\\) .>i lArvr oAMtx with numerons pouches 
m *Ns' xou4M>*i* x^t I No Mu^t vjMt, t:v >**ll* of which were covered 
>^o'^ 4 u\J\ o>>^>kxv* !<»'iiiuU'.vM'i, *or I ho ♦••vv^t part very fine, red, and 
U^s4!i\\ 4*^i \Snv«v* 'v^imvNi ^it »»»v»\ '/i.^v.xr?^ pcv»wotk»n:? and foldsj or 
iu»m 1 4XS I »\v. « ^^ 'n'^^u t V >*:t"x of I '>\s c^\ \:\ w^w tormed partly by 
^■v. »v ,*vv.;xsr»i ,»i ». V HKs.K\i'»\il S.^itv's. i\trt*> b^ the nnnains of the 
tw^i tk.^ii * \fc%s > u't'ivM ^ V \nvx oI ::v **ict;u.*Arvc? to thooe of the 
sN*i.' »• 4« \i\; 4x N\ ' V *.:vxtK* ol ^ V o\**rrr\ ot Tae aeaJed woonds 
y\» V V, ,^,.si,*..xi.,^. 4 »j >x ^V 'x'-^vtwl .v»os of thtr jeovad and third 
uK,t, X* .s* \v'v.x ^Ks > 'v:nx .\' *o orr'ac'jt w«^ viei?cived of 
k^^•, ^.•'*•.^♦^^i•l^»;lx vv\of^»;^ i:iv» ,-:tr*v»;ts, l'*v v*t*u wjs <n»codi and 
^* vx ;k\> l''*!.^ \\vx oi ' V ^.i" •*»!.* '.\*f'».*s it*ti5. nor txfrv 



. w 



*'' . %.. t. 



>• « « 



V vvo.- ^'r«\ j^'.o.-.u> Ti^te^-vc ^t» aiiDM over 



';**fVi^ \ i;f^i«arsciir;l\ ;N^fc 3*l i*- 



CLINICAL BS8ULT8 — EXTiaPATION OF BONKS. 139 

the metacarpus with the periosteum of the metacarpal bones^ and 
with the cicatrix of the wound of the operation. The ulnar nerve 
ended in a small swelling in the same cicatricial tissue^ as did the 
median nerve and its branches. 

Examinations during life of persons who have recovered after 
extirpations of short bones, show that the defect has been remedied 
as £Eff as possible by approximation of the bones which lie nearest 
together. The interval which is left seems to be filled up with a 
ligamentous material, in which, according to Bied, masses of cartilage 
or bone are sometimes deposited. 

E^neration of flat bones, as for example of the scapula, has as 
yet been observed only after necrosis. Cases of it are quoted by 
Qiopart, * iUencke, • Budolphi, ■ and Kortum, * by the two latter in 
the horse. Besecticm was not practised in these cases, therefore the 
cases are not applicable here. 

After extirpation of the upper jaw, there is formed between the 
cut ends of the zygoma and those of the nasal and alveolar pro- 
cesses a fibrous membrane, by which principally the falling-in of 
the cheek is prevented. A membrane of precisely similar character 
is formed in the situation of the lower wall of the orbit. The large 
cavity which is left behind is lined by a red covering resembling 
mucous membrane, and is narrowed considerably by the soft palate 
being drawn forwards and upwards. Besides this, Bied considers 
that the approximation of the bones around the cavity is a probable 
cause of its diminution. No trace is ever observed of regeneration 
of the bone. 

^ 'De neorosi ossium theses prss. Cbopart,' Paris, 1776, p. 7. 

* Log. cit. 

* * Bemerknngen ueber Naturgeschichte, Medicin und Arzneikunde,* Berlin, 
1805, ii, p. 56; 'Edinb. Med. and Surg. Journal,* April, 1833, p. 317, 

figs- 1, a. 3- 

* ' Experimenta et obsenraiiones circa regenerationem ossiom. Diss.,' Berol., 

1824. 



CHAPTEE n. 

EXPERIMENTS AND ANATOMICAL INVESTIGATIONS ON 

ANIMALS. 

The second method of investigating anatomically the healing prO'^ 
cess after resection of bone, which proceeds by experiments on animab, 
has led to much richer results, and is also more easily attainable, 
than dissections of the human body. We should have arrived long 
ago by this method at a view of the healing process in its various 
stages, had it not been that all experimenters have confined them- 
selves to endeavouring to discover only the final result of the 
process. The animal was operated on, and the immediate and 
subsequent results of the operation left unnoticed; and only after a 
considerable time was an examination undertaken into the changes 
which had gone forward in the parts concerned in the operation^ at 
a time when the process had run its full course, the parts had been 
restored more or less completely to their functions, and no further 
changes were to be anticipated in them. In these cases also the 
description of the appearances on dissection is wanting in that 
trustworthiness and certainty which can only be obtained by the 
microscope in the determination of the nature of the tissue which 
has been substituted for the parts removed, or has united those 
divided, in the operation. The first observer who undertook the 
labour of following step by step the healing process after resections 
of bone was Steinlin.» I have had the opportunity, while endea- 
vouring to follow the same method, of subjecting the results of his 
observation to a careful and well-founded criticism. I will therefore 
postpone entering upon them, until I come to that part of my subject 
where I set out in order the particulars wliich my own observations 
have taught me. I will merely say here, that I can confirm 
Steinljn's results in their principal points. What former inquirers 

' 'Ueber den Ileilungsprozess nach Resect ion der Knochen,' Dis. 2«arich, 
1849. 
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i«ve tAoglit us with reaped to the final results of resections oii 
I anitnals, I believe I have succeeded in embracing fully in the fol- 
I lowing chu|]ter. 



I. Re^eclimtt of the eriremilies of hones. 

Vermandois ' was the first who excised the upper part of the 

femur just below the trochanter minor on a dog. His object was 

to recommend the excision of the head of the femur in preference to 

amputation at the Iiip-joint. In a few dajs the end of the resected 

bone rose up to the level of the acetabulum, and two months 

afterwards the wound had healed by suppuration. The animal 

-earned the shortened limb pendulous at first ; towards the end of the 

;aecond month it supported itself a little on the back of that foot. 

lAt the dissectioHj which was performed about the above time, the 

ijbnnr was found to be tliicker than on the sound side, the medullary 

irity very large and full of marrow, the compact substance tliinner 

|llian in the healthy femur. Tlie upper end was studded with irre- 

.pdnr prominences of compact bony substance, which were directed 

jnore especially outwards, towards the cicatrix in the soft parts, and 

were united to the acetabulum by a ligamentous material. The 

itabulum was diminished in circumference, and was filled with a 

[•oft, very red substance, which Vermandois took for the synovial 

id enlarged and injected. 

To this experiment are to be added the observations of Cliaussier,' 

irler,' Wachter,* and in more recent times B. Heine.* They all 

them operated on dogs. The results are tolerably consistent 

with the preceding, ITie wound was in most cases united by the 

interrupted suture, and healed by first intention. Chaussier met 

with thia so often, that in order to investigate the influence of 

suppuration on the healing process he was obliged to use irritants 

'of various kinds. This was followed by nmuerous collections 

pus, which were allowed to open spontaneously. Tlie final 

iidt waa not essentially different from that of those cases in which 

Jounial de M^decine,' 1786, torn, livi. 

Magiuin cncjclopeil,' An. V., torn, vi, No. 34; 'Hufeland, Harless u. 
Sdinfger Journal der auslandischeu Med. LiLl.,' Bd. i, i8o3. 
EiperimcDtB circa regeoerationeia oasium,' Goctt., 1786. 
Dissert, de articulis extirpandia,' &c., Grooingeo, 1810. 
Feigel Cbirurg. Atlaa,' Wiifzbg., 1850. 
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the wound was united immediately. In all cases the animals 
carried the shortened limb pendulous at the commencement ; from 
the fourth to the sixth week they began to support themselves upon 
it^ and about the tenth week almost all of them began to use the 
limb quite well in running. In dogs which were killed from two 
months to four years after the operation, the resected end of the 
femur was found rounded off or swelled out into a dub-like form. 
The mass of new bone was usually uneven and tubercular, more 
seldom smooth ; its form was quite unlike that of the resected head 
and trochanter. In a few cases the exposed articular surfiace is 
said to have been covered with a cartilaginous (?) ^ substance. 
Usually the acetabulum was deprived of its cartilage and filled up with 
firm fibrous tissue or a deposit of recent bone. New formation of 
bone was found also on the bones in the neighbourhood of the 
acetabulum. The upper end of the femur was situated usually 
close to the pelvis, either opposite to the situation of the acetabulum 
or above or behind it. Its union with the pelvis was effected by 
ligamentous tissue, which was sometimes attached around the end 
of the femur in the form of a closed capsule normal in appearance, 
and only much thickened, extending frequently to some distance 
from the situation of the acetabulum towards the ischium and 
pubes ; at others (and especially if the suppuration had been great) 
ran across between the free end of the femur and the pelvis, in the 
form of a cord made up of numerous bundles. In a case reported 
by Koeler a quantity of fat was scattered between the separate 
bundles of this cord. Within this articular capsule a serous fluid 
was occasionally found. K the contact between the pelvis and the 
upper end of the femur had been very close, a shallow depression 
was formed at the adjacent part of the pelvis to receive the clubbed 
end of the femur. In a case of Wachter's the femur was supported 
against the outer part of the foramen ovale, which was filled up 
with a very solid ligamentous material of almost bony (?)^ con- 
sistence. Heine alone gives any observation on the condition of 
the muscles and their insertion ; the latter had become almost the 
same as before the operation. In most cases the limb operated on 
was somewhat shortened. 

The resections of the head of the humerus, performed on the dog 
by Chaussier and Wachter, had the same results. 

The resections of the lower end of the femur, of the sternum, the 

* The query is the Author's. — Trans. 
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itunerus, aiid the lower end of the tibin, as well as the excisions of 
the knee- and elbow-joints, yielded a very unsatisfactory result in the 
experiments andertaken by Cliaussier. Both the soft parts which 
kad been di\'ided and the bones did indeed cicatrize favorabiyj but 
instead of forming a new joint the ends of the bones rode on each 
other, and were united to each other by ligatnentous material, so 
that the part of ttie limb below the joint was pendulous, and quite 
Hseless for motion. 

The results of other observers differ from these. After resection 
ol the lower end of the radius, Heine has obeer\-ed the medullary 
cavity at the level of the section become closed by bony substaJice, 
Wd a mass of new bone given off from it to support the tendons 
and to form a joint with the scaphoid bone. After resection of 
the lower end of the ulna, tbe periosteum being preserved as 
tar as possible, he found after the interval of a year perfect bony 
restoration of the resected part. Similarly, Wachter observed, after 
resection of the lower end of the ratbns and ulna, that when the 
wound Iiad bealed, at first a firm union was formed with the carpal 
bones. But the dog would not bear the splint, on which tlie fore- 
arm had been secured, and ruptured this firm imion again. After 
the paw had been hanging loosely from the forearm for some time, 
tlie articulaJion became gradually firmer, and at length the original 
usefulness of the extremity was completely restored. In the dis- 
section, which was performed tliree months after the operation, a 
new joint was found surrounded by thick capsule ; the end of the 
r&dius had been reinforced by new bony deposit, so as to be nearly 
as strong as natural; the tendons of the muscles were adherent to 
the radius and ulna. 

Heine has observed after extirpation of entire joints in dogs the 
reproduction of a kind of new joint ; but the utility of the extremity 
operated upon,e\-enif greater than Chaussier found it was, neverthe- 
less always limited. Two complete resections of the shoulder-joint, in 
which the parts were dissected nearly a year afterwards, showed, one 
die resected ends rounded off and united by a strong fibrous substance, 
the other the end of tlic hmnerus rounded off and received into a 
corresponding depression on the scapula, the two being surrounded 
by a membrane resembhng a capsule, with a meniscus between the 
of the bones, which were covered by a reddish enveloping snb- 

ince resembling cartilage. 

The resection of the upper end of the femur together with the 
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acetabulum has been found to lead to similar results. In one case 
the pyriformis and gluteal muscles were found inserted into the upper 
end of the femur, which was covered by a mass of new bone. A few 
bony deposits had formed around the acetabulum, and the sections 
of the pelvic bones, which were rounded off by means of these 
deposits, were found united by firm fibrous tissue ; the femur was 
supported against these bones, and was moveable. A strong capsule, 
containing a serous fluid, surrounded the upper end of the femur 
and neighbourhood of the acetabulum ; it was in part formed and 
partly strengthened by the agglutinated muscles, more especially 
the tendinous extremities of the psoas and iliacus intemus. 

After the extirpation of the elbow the animal has been observed 
to be unable to step with the extremity, eighty-four days after the 
operation. On the resected extremities new masses of bone were 
found laid down in a wreath of irregular nodules, one of which on 
the humerus corresponding to the external condyle gave insertion 
to the extensor muscles, another on the ulna to the flexors, and a 
protuberance on the radius to the muscles of the paw. The course of 
the biceps muscle was essentially changed. It was adherent to the 
pronator teres muscle, which was shortened, and to the flexors 
of the paw, and inserted on the posterior aspect of the radius. The 
union of the ends of the bones was effected partly by the remains 
of the capsule, partly by the muscles surrounding the situation of 
the joint, united together. 

The resection of the ascending ramus of the lower jaw with its 
articular process was performed once by Heine. It was followed 
merely by a deposit of new bone covering the surface of the 
section. 



II. Rejections from the substance of bones* 

The experiments on the healing powers after resection from the 
substance of a bone, which have been performed on animals, as 
well as those (to be presently detailed) on recovery after extirpation 
of entire bones, have been directed principally to elucidate the 
process of regeneration only in the bones themselves. The most 
important point in this has been to clear up the question as to the 
organ, or the system of organs, which furnish the material necessary 
for reproduction of bone. We shall see how far the investigaticms 
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pTe accomplislied tliis aim, how far the question may be con- 
red aa settled by esperimenta on the healing process after 
:ion. 

Beteeiiont in long bones. — Klencke' and Heine excised por- 
tions out of the shaft of one of tiie tubular bones witliout carrying 
the section completely through its whole tliickness, the former oa 
birds, the latter on dogs, and found in all cases complete restora- 
tion of the loss of substance by new bony material. Klencke 
believes that the soft parts surrounding the bone, as well as the 
periosteum, are capable, either of them by itself, of furnishing the 
exudation necessary for this restoration. The grounds for this 
assertion are not, however, satisfactorj-. Thus, he concludes that 
the exudation is sometimes furnished by the soft parts from tliis 
that he has seen, twelve days after the operalicm, a gelatinous 
ivasation connected with the soft parts, wliich was extended 
the loss of substance in the mamier of a bridge, and showed 
a fibrous transformation at its edges. That the periosteum alone 
may furnish the exudation, he concludes from the fact that in 
another case the periosteum was very vaacuhir and covered the 
material of the callus, while the soft parts were hardly at all 
adherent to the bone. 

Klencke has always found the medullary cavity corresponding to 
the excised portion of bone completely closed by new bony material, 
and the hole occasioned by the operation materiaUy altered in its 
form by the absorption of its bony edges. Heine observed only a 
hardly perceptible narrowing of the medullary cavity corresponding 
to the sitaation of the resection. After an operation on the thigh- 
bone, he found necrosis of the cut edges of the bone, to which a 
sinus led through the callus-material which, although the inten'al 
was onlv twelve days, had been already deposited around the whole 
of the femur. 

After resection of the whole thickness of [lortions of long bones 
Heine has observed, as early as about two montlis after the opera- 
tion, complete restoration by bony material in all the cases in 
which he had been careful to save the periosteum, and in the 
opposite case rounding off of the resected extremities by new bony 
material, and in operations on limbs hai-ing two bones, union of them 
to the neighbouring bone on wliich callus-material was also de- 
posited. This was either without any connecting tissue between 
' Loc. oit., p. 163. 
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th<; ends, or eke a fibrous material witli nodules of bone deposited 
in it, uniting the cut ends, which were rounded oFF, and, in 
operations on limbs with only one bone, forming a false joint. 
The relation of quantity between the fibrous and the bony material 
deposited around the ends of the bone varied, so that occa- 
sionally a considerable piece of new bony matter passed out from 
the surface of one of the sections, and there was only a small interval 
filled with fibrous substance ; sometimes there was a considerable 
piece of new bone in the centre, united by fibrous material with the 
surface of each section ; sometimes the fibrous tissue was by far the 
most plentiful. In almost all cases a considerable shortening and 
curvature of tlie limb injured by the resection had occurred, and 
this was especially the case in limbs with one bone, equally 
whether the union of the ends of the bone had been efi'ected 
by new bony matter or by fibrous tissue. In limbs with two 
bones, a more or less considerable curvature of the nninjured bone 
had been produced. In most of the cases in which Heine* 
endeavoured to bring the parts together again over pieces of bone 
which he had cut oat and replaced, as, for example, in the ribs, he 
found a far greater reproductive power in all the parta inteKsted in 
the operation, and the portions of new bone produced under such 
circumstances showed in a far shorter time a higher grade of 
organization than in those cases where the hole in the bone was not 
filled up again with the excised piece. In these cases the vessels 
surrounding the situation of the resection were considerably 
enlarged. Heine believes correctly that the replaced portion of 
bone acts as a foreign body, and compares the phenomenon in the 
main to the treatment of false joints by setons. The replaced 
piece of bone is gradually thrust aside by new products deposited in 
its place, and thrown out ; in other cases it is encysted in the eoh 
parts, or it may be absorbed. In a few cases this absorption 
could not be clearly made out, and in these it was doubtful 
whether the replaced piece of bone liad not really become united. 

The observations and experiments of Fiourens^ and Syme,' to 
which latter an experiment of Heine is to be added, are decisive, to 
a certain extent, as to the periosteum being the principal f^ont in 

' 'GraefH u. Waltlicr Joum.,' Bd. xiiv, p. 5^7. 

• 'Tlifiorie ei peri men tale do la formation dea Os,' Paris, 1847. 

• ■' On tbe Powers of the Periosteum to form New Bone," in ' ContributiouB 
to tUe Patbology au<l Practice of Sorgerj,' Ediub., 1S49. 
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1 ttie regenerafion of the bones. Flourens observed, after reseclinns 
from the substance of the ribs, where the periosteum had be«ti 
spared, the first Irace of formation of new bone occurring on the 
inner snrface of tlint membrane, and on that precise part of 
which lay in the middle between the two cut ends of the bone, 
whence it gradually extended towards those extremities. Thia 
experiment, if it be not allowed to be decisive by itself, gains in 
value from the fnct that it agrees with the cases described by 
Heine, and elucidates them ; those, I mean, in which a considerable 
piece of new bone covered with periosteum lay between the cut ends 
of the old bones, and was united with the cut surfaces by fibrous 
substance. Still more important is the following well-known 
experiment of Fiourens, to which I will here merely allude. He 
bored a bole down to the medullary cavity of a bone, and placed a 
sUver tube witliin it. The ]>eriosteum and meduUary membrane 
became tumefied, and projected into the tube, and then a piece of 
new bone was formed within the latter. 

Syme excised on two occasions a portion of each radius of a dog 
an inch and three quarters in length. In one leg he took away the 
periosteum with the bone, in the other he took the greatest care to 
preserve it. Six weeks later, in the leg in which the periosteimi had 
been removed with the bone, the ends of the bone were conical and 
pointed, and unite<l by a fibrous cord; on the other leg, where the 
periosteum had been preserved, the whole loss of substance had been 
repaired by a copious and even superabundant deposition of bone. 

Syme has discovered a further proof of the conclusion which 
follows from this description in two experiments, wliich do not, 
indeed, belong to the class of resections, but which must be men- 
tioned here because they combine with an experiment of Heine, 
to afford an answer to the question as to the activity of the perios- 
teum in the regeneration of bones. On a dog the periosteum was 
carefully separated from the radius, and a metal plat« thrust in 
between the membrane and the bone ; while, in the other experi- 
ment, the separated periosteum was removed, and the exposed bone 
merely covered with a plate of metal. Six weeks afterwards there 
was found in the first ca*e, above the metal, a plate of new bone, 
which bad no connexion with the old bone ; in the second case 
only a thick, tough capsule, without a trace of bony substance. 
Heine observed the same things in the femur of a dog as Syme did 
in the first case. The piece of bone was denuded of periosteum. 
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nnd a lougitudiiial incision vas made into it down to the medullary 
cavity ; a piec« of linen vas then laid between the periosteum and 
the bone. IVelve days afterwards the whole ahaft of the femtir had 
become necrosed, and was surrounded by a capsule of new bony 
material, which above and below the piece of linen was in connexion 
with the bone, but in the part occupied by the foreign body was 
eeparatfid by the latter from the surface of the bone, and was 
covered in every part with highly injected periosteum. On the 
portion of bone enveloped in the linen no trace of new formation of 
bone could be detected. If we bring these facta into connexion with 
the researches of other experimenters on the activity of the peri- 
osteum in the formation of bone after fractures nnd in necrosis, we 
cannot hesitate to decide in favour of the view that the periosteum 
plays the prinripal part in the process of the regeneration of bone. 
We shall see further on whether this principal port is to be held as 
an exciusive one, or, if not, what limits are to be assigned to it. That 
it cannot be exclusive, is proved by a. single experiment reported by 
Michaelia Medici,' After the resection of a piece, an inch in 
length, out of the first false rib of a sheep, iu which the periosteum 
and a portion of the intercostal muscles had been removed with the 
bone, the loss of substance was found fully replaced about four 
years afterwards. Tlie new piece of bone was thinner, but broader, 
than in the healthy condition, and was pierced by small openings 
in three places. Its out«r surface was rough, the inner quite 
Braooth. Tlie structure of tlie new bone was indistinguishable on 
a section from that of the old. The new portion of bone had been 
enclosed again in a fibrous membrane. It is a singular fact, that 
the new piece was two and a half inches in length, while the 
piece which had been originally removed was only one inch long. 
Tlie circumstance that the sheep was only fourteen mouths old at 
the time of the operation, and afterwards grew very considerably, 
must be accepted as an explanation of this fact. The consequence 
must liave been cither an equal growUi of the reproduced portion 
and the orginal rib, during the growth of the animal, or, perhaps, 
au excessive growth of the reproduced portion. I have observed in 
the human subject a case which may be placed by the side of the 
abD\*e. Professor Langenbcck excised, on a boy, a piece out of the 
substance of the lower part of the shaft of the humerus. The opera- 

' 'Novi Comment. BononieQBcs,' torn. I'L 
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tion resulted in complete regeneration of the bone, with perfect 
use of the arm, which was shortened three quarters of an inch. 
About a year and a lialf after the operation the boy was attacked 
by a violeut gastric fever. He grew during and after this time very 
quickly, and when a short time afterwards 1 repeated my meaanre- 
ments, which had been taken on many previous occasions, I could 
BO longer discover any trace of shortening of the arm. 

B. Setection/rom tie aubgtance of flat bones. — The healing pro- 
as after resections from the substance of the cranial bones is wimt 
luK most interested the various obsen*ers on this head. Their views, 
liovrever, especially on the subject of repair of loss of substance by 
Ixiny mBt«nal, and the conditions on which this is dependent, are 
at variance with each other. Dubreuil' considers that the regenera- 
tion of the boue is dependent principally on the integrity of the 
pericranium and dura mater after the operation. When this in- 
l^rity was maintained, he found the round opening made in tre- 
phining, when not very large, filled up by a bony pad, which was 
ocoasionally united by fibrous tissue te the edges of the old bone. 
Without the preservation of the pericranium or the dura mater the 
hole in the bone was closed only by a firm cicatricial tissue. He 
attnbates also to tlie vessels of the bone a sliare in its reproduction, 
but without showing us on what he founds that opinion, Heine's 
views agree in the main with these, only he attributes a greater 
inflnence in the regeneration of the bone to the diploic substance of 
the cranial bones, after the pericranium and dura mater, than 
Dabreuil does. According to him, when the pericranium and dura 
mater had been preserved, but the diploe was very scanty, the closure 
of the hole in the bones by new bony material was only imperfect ; 
when one only of these two membranes was wanting, while the 
idiploic tissue was abundant, the regeneration of the bone was com- 
:ly effected ; but when both the pericranium and dura mater 

wanting, even when the layer of diploe was a thick one, the 
greater part of the loss of substance was closed by fibrous tissue, in 
which rmmeroua granules of bone were deposited, and new bony 
nuterial was found deposited only around the edges of the bone, in the 

of needles, or as a thin rim around the opening. 
The dura mater appears, according to enperiments on animals, to 

' ' Pressfl M6dicale,' i837,No.57. 
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be of more iniportaiice than liie pericnnium in the reproduction of 
bone. This might even have been assumed a priori from its greatej 
vascularity ; still the observations on the human subject, which 
have been mentioned above, do not favour this idea and do not 
agree with the results of experiments on animals. Thus, in animals 
where only a piece of the external table and diploe has been re- 
moved, the pericranium being preserved, the restoration of bone in 
places where the diploe was scanty has been observed to be more 
sparing than when the same loss of substance has been extended, 
under the same circumstances, through the whole thickness of the 
cranial bones. If, iu the same trepliine-hole, the internal tAble has 
been removed in one part and left in another, in the part where the 
latter has been the case the deposit of new bony material is less con- 
siderable than iu the part of the wound where the vitreous table has 
been also removed. Simple cuts, too, penetrating through the 
whole tliickness of the skull, liave been observed to heal by bony 
union, while after cuts involving only the external table and diploe, 
it has been often found (and especially if the layer of diploe were 
only tliin) that there was nothing except fibrous material between 
the edges. If the pericranium Ims been preserved, it unites firmly 
to the substance which closes the hole in the bone ; if it has been 
removed in the operation, it is completely regenerated. The newly- 
formed portion is found in the form of a strong membnuiB con- 
tinuous with the uninjured pericranium at the edges of the section; 
it may be separated from the material which fills up the opening in 
the bone. Deficiencies of the dura mater, on the other hand, are 
not repaired. The edges of the wound in the dura mater usually 
unite to the other membranes of the brain, or to the bones. The 
brain protrudes tlirougb the hole in the dura mater into that in the 
bone, and becomes intimately united to the membrane which closes 
the latter. When the dura mater is preserved at the operation it 
usually unites firmly around the opening to the bony edge, and 
sometimes there is found, iu the situation of the loss of substance 
iu the bone, intimate union of the membranes to each other and to 
the brain. The brain is then ranch reddened at this part. 

Necrosis and exfoliation of the bony edge has not been frequently 
observed. When it has, it has usually attacked only one, and 
generally the outer, table of the bone. If the hole has been closed 
entirely by new bone, the cut edges of the old bone were not to be 
distinguished from the new; wliile when the reproduction of bone 
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haa been partial only, the edges of the old bone have nsiially been 
found ronnded off. K one of the cranial sutures has been cut 
across in the operation, it is not reproduced in the bone which re- 
places the loss of substance. 

It occurs only in the rarest cases that the excised piece of bone 
unites again when replaced. Merrem' and Klencke' have seen 
this. Kleine has never convinced himself of it. In one case it was 
doubtful whether this union had token place, or wbetlier, aa it 
luually happens, the piece replaced had become necrosed and exfo- 
liated without being perceived, while the hole in the bone had be«n 
filled up by boue newly de)>osited. 

It may be observed further that Heine believes from his experi- 
mcDts that the triangular form of the trephine-hole is more favor- 
to its complete closure by bony material than the circular 

Koelei* ia the only author who has endeavoured to investigate 
the lieahng process after trephining in its separate stages. His 
observations are indeed very imperfect, but they deserve notice as 
being the only ones on record. He trephined a dog over the 
eagittal suture, preserving the pericranium, and obsen'ed on the 
fourth day the dura mater and the edges of the opening in the bones 
covered with a sticky, gelatinous, reddish material, which gradually 
increased in quantity and became whiter. In the course of the 
third week the hole was almost closed by new substance, derived as 
well from tlie dura mater as from the edges of the bone, A portion 
of the out» lamella of the parietal bone exfoliated about tliis time. 
About the same time the edges of the wound cicatrized firmly 
together. The dog was killed at the end of the seventh week. The 
opening was filled with a material which was cartilaginous in tlie 
rest of it8 extent, and bony on the edges only ; tliis could not be 
forced out of the opening, but was thicker than the rest of the 
bone ; the pericranium and dura mater were firmly united to it. 
There was no trace of a suture in it. In the same way, after re- 
moval of the anterior wall of the frontal sinus, the edges of the 
opening were covered iu the days immediately following the opera- 
tion with a glutinous mass, which was shown, by the dryness of the 
inflamed mucous membrane, not to proceed from that source. It 
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gradually increased, so that fourteen days after the operation the 
opening was already sensibly diminished. Its sharp edges also 
were even at this time rounded off. Prom the twenty-fourth day 
the union of the skin with the parts lying below it became so inti- 
mate, that soon it no longer allowed the opening to be inspected. 
The result was a complete closure of the opening, after the eighth 
week, by a bony material, still soft and resembling cartilage in its 
centre, which was thicker than the normal skull-wall, and was 
covered on its outer side by not very thick skin, but had no pro- 
longation of the mucous membrane on its inner surface. 

Sesections in the substance of any other flat bones except those 
of the cranium have been performed extremely seldom. Murray^ 
excisetl a triangular piece from the breast-bone of a pigeon, taking 
away the periosteimi. Several weeks afterwards the loss of sub- 
stance was almost entirely closed by deposit of bone, which was 
much thicker than the natural sternum, and overlapped the edges 
of the section in places. He holds the muscles to be the source of 
the reproduction, and explains from this their intimate union with 
the new bonv material. 

After resections from the substance of the horizontal ramus of the 
pubes and of the symphysis, Heine has observed merely rounding oflf 
of the edges of the sections by a deposit of new bone, without any 
union between them having been effected. After an operation on 
the tuberosity of the ischium and the ilium, a fibrous union was 
formed between the cut extremities, with deposition of granules of 
bone. After the resection of the tuberosity of the ischium, new 
bony material was de|)osited also on the os pubis in the neighbour- 
hood ; the pelvis was contracted in the oblique diameter. 

c. Besection from the substance of short bones. — ^No resections 
have been performed in animals on the short bones except on the 
vertebnc. The result of resections from the vertebrae have been 
hitherto very discouraging. 

In twenty-four cats and ten dogs, on whom Heine^ performed 
this operation, it had uniformly a fatal result. Two dogs only, not 

^ ' £dinb. Med. and Surg. Journal/ October, 1831 ; ' Archives g^n6r. de 
Mdd.,' xxvii, 1831. 

■ A. Mayer, '* Die Resection der Wirbelknochen bei Knochenbruchen dcr 
Wirbelsaiile," ' Walther u. Ammon Journal,' 38 Bd.; N.F., 8 Bd., 1848. 
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included in this list, recovered. In one of them, after resection of 
the arch of the vertebra, wlien the dura mater was cut tlirough, a 
portion of the spinal cord iirotruded. This was cut owuy, and yet 
the animal is reported to have recovered without any paralysis re- 
maining. The hiatus left by the removal of the arch of the ver- 
tebra was closed by a firm cicatricial tissue, intimately united to the 
cicatrix of the skin. After resection of a spinous process, the cut 
end became pointed off, without any formation of new bone having 
taken plaee. 

After resection from the substance of the horizontal ramus of the 
lower jaw, without complete division of its whole thickness, Heine 
observed, two montlis and a half afterwards, perfect reparation of 
" e defect by new bony material. The cut fangs of the teeth were 
altered. 



in. Extirpation of Bunes. 

» Heine is the only experimenter who has performed extirpation of 

The operation was performed on dogs. In his ojwrations 

) generally separated the periosteum in the moat careful manner 

1 the bone, and left it beliind in the wound. His observations 

upw the possibility of restoration of the removed boue by bony 

ial, which indeed does not usually resemble the extirpated 

me perfectly in form and size, but still has been found sufficient 

re-establish the solidity and usefulness of the limb. The irregular 

processes which frequently form upon new bones, and usually serve 

for the insertion of muscles, cannot, to judge from the representations 

which I'eigel ' gives, be comjiared without some stretch of fancy 

with the natural processes and irregularities of the extirpated bone, 

although a few cases may perhaps be so explained. Tlie joint-ends 

of the new bones at least had assumed the form of the extirpated 

articular processes — an observation which applies quite universally, 

and which Textor also made after resection of tlie extremities, and by 

which he refutes the counter-nssertion of Caapari. » 

When the periosteum had been removed with tlie bone, the 
reparation by new bone has been found to be extremely scanty, even 
• & long period. Separate kernels of bone have been found 

' Loo. oit. 
"Uebcr die Entalelmng dcr Knoclienkniivklieiteii," 'Grncfe u. Wallher 
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among the soft parta, and the latter have been soldered together into 
a firm cicatrix. 

The sj-mptoms which followed immediately afl<?r the operation 
have been, considerable swelling and iiiflltratioii of the soft parts, with 
a reddish-brown serous exudation, especially if the inflammution has 
been ridaed to a high degree by the replacement of the extirpated 
bone. Copious snppnration lias folloired this, and the wounds 
healed by gi-aaulation. If the indammation have not been very 
consideriible, the periosteum, when examined so soon as the first 
few days after the operation, is found swollen, of a lively red colour, 
penetrated with numerous fine injected vessels, and between ita 
lameUie a brawny, reddish material. Some time later a few bony or 
cartilaginous nuclei were found deposited on the interior of the 
periostetira, wJiich gradually enlarged, and in the end united 
together into a single bouy mass, or were joined together by strong 
fibrous membrane. The new bony material, when examined at a 
comparatively early period, was entirely solid ; later on, traces of a 
new medullary cavity appeared, partly cellular, and covered over with 
a delicate reddish-brown membrane, and with bony tissue in its 
interior containing marrow. Heine has observed this medullary 
cavity developed, though to a limited extent only, throughout the 
whole extent of the bone. Usually, after extirpation of a long bone, 
the new bone is considerably shorter than the one extirpated. After 
the extirpation of one bone oidy, in a limb containing two bones, 
the one left behind has been frequently found to be covered with 
new bony material, which might be removed with some force, and 
showed the surface of the bone smooth below it. In these cases 
also the limb was generally a good deal shortened, while the bone 
which was left behind assumed a proportionate curvature. Con- 
tractions of the neighbouring joints were more remote consequences 
of these shortenings. After extirpation of both bones of a limb, 
reproduction of two bones 8e])aratcd from each other has occurred, 
and these have been found soldered together at a few points only. 

Tlie periosteum, frequently thickened, clothed the new bone. 
The muscles were inserted with it into the bone in tolerably natural 
order; they were contracted in proportion to the shortening of the 
lunb, and attached as well to the otlier parts along the whole length, 
as especially to the irregular ]>ronitnences of the bone. If perfect 
bony reproduction had not occurred, the muscles were found inserted 
also into the fibrous or cartih^nous parts which were covered hj 
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periasteniD. The play of the musclea was hai\j prevented bj 
their being adherent to each other. If processes of the extirpated 
bone Imd served as supports or pulleys for particular tendons, these 
were replaced, if not by new bony processes, yet in this way, that 
fibrous shealhs had been formed on the new bone, in which the 
tendons enjoyed a certain degree of motion from side to side. Heine 
observed after an extirpation of the fibula with its periosteum this 
>tat« of things in the tendons of the peronei muscles, where they 
pass round the outer malleolns. 

Tlie articular ends of the new bones were found covered on the 
wde tomed towards the articular surfece of the neighbouring bone 
with a strong and smooth fibrous or cartUaginoua (?)• covering. 
Lying on the articular cartilage of the adjoining bone were found 
remains of the old articular cjipsule, or a thin, cellular tissue, which 
was continuous with a short, strong, fibrous cord passing to the 
newly formed bone. In other cases a new articular capsule waa 
formed around the contiguous ends of bone, covered with a smooth 
BjTiovial membrane, and containing a fluid resembling synovia, Iii 
B newly formed joint of this kind, between the lower end of the 
femnr, which had been reproduced after extirpation and the upper end 
of the tibia, even the crucial bgaments were found again. Sometimes 
B tolerably large space was found between the newly formed bone 
Bod the adjoining normal articular surface. In these cases the bone 
was prolonged into a very strong, but flexible, cord, wliicli was con- 
nected by a soft, fibrous tissue to the adjoining articular surface. 
This was the method also of connexion found between a newly 
formed rib and the costal cartilage. lu rare cases there lay between 
the articular surfaces of the newly formed and the uninjured bone a 
IS, about aline in tliickness, which, however, probably eon- 
isted of fibrous tissue. 
The above results apply equally to the extirpation of long, flat, 
rsnd short bones. After the extirpation of the calcaneum, reproduc- 
I'tionofbony material took place. This served for the insertion of 
tendo Achillis, and articulated with the adjoining articular 
I surfaces, the limb being perfectly useful. 

To sum up shortly the results wliich have been obtained by 
ktbe different experimenters on tlie healing process after resection, in 
I leipect to the regeneration of bones, and in respect to the tissues 

' Tlie query is ths Antlior'B.—TKAjis. 
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wbich take part in this process bv means of their blood-vessels, we 
obiain the followinsr resulu. 

1 . The periosteum plays the principal part in the repair of the 
deficiencT of bone caused bv resection, to such an extent that it is 
sufficient of itself to form new bony material, which may replace the 
bone removed. In the cranial bones it is probable that the dura 
mater takes the part of the periosteum. 

2. Nevertheless, reproduction of bone, although only in a slight 
degree, may take place even without periosteum. 

3. This reproduction proceeds — 

{a) From the medullary cavity, or from the diploe, in proportion 

to the extent to which they remain uninjured ; 
(b) From the soft parts which surround the bones. 

4. The substance of the bone itself does not appear to contribute 
to the reproduction of bone. Klencke is the only author who 
expresses the opposite view. He also describes that in the process of 
exudation from the substance of the bone a partial softening of the 
latter occurs. 

5. The exudation necessary for the regeneration of the bone 
appears to be furnished by inflammation of the parts above men- 
tioned. Irritants, which heighten the inflammation, heighten also 
the process of reproduction. 

6. The exudation is at first reddish, viscid, or gelatinous, and goes 
through the steps of cartilaginous development before it changes 
into bone. 

7. The newly formed bony material is at first solid, and it is 
not till after the lapse of some time that a medullary cavity may be 
found formed in it. 

8. It is only in the rarest cases that the deficiency of the bone 
is repaired entireh;, or sometimes even in excess. Still more 
seldom does the mass of new bone possess the form of that which 
was removed. If the repair of the deficiency be entirely by bone, 
still there is a difference in quantity between the new mass and the 
resected bone, which is compensated only by approximation of the 
sections of the bone, with corresponding shortening and curvature of 
the limb. If this approximation has not taken place, or if from 
other causes the mass of newly formed bone is not sufficient fully to 
replace the deficiency, either the loss of substance remains per- 
manently, or a fibrous material is laid down in its place, in which 
separate bony nuclei are often deposited. 



CHAPTER III. 



ORIGINAL EXPERIMENTS AND ANATOMICAL INVESTIGATIONS 

ON ANIMALS. 



Befojie passing now to the description of my own experimeuts and 

lissectioiis of animals, I must preface the chapter with a few words 

explanation and apology. 1 Iiesitated for some time as to 

ther it would be necessary, or indeed whether it were worth 

'irhiie, to relate each experiment by itself and give the anatomical 
details of the dissections belonging to each, and so to make this the 
preface to my views on the healing process after resection; or 

. whether I should merely set out in order the results derived from 
these investigations. I have determined on the latter plan ; because, 
IRving commenced my work on the former, I found it impossible to 

' kToid contiimal and extensive repetitions; and, even where the 
heab'ng process was most various, the description of its leading 
symptoms became tediously monotonous ; and I found also, when I 
had written the following chapter, that it coutained, in a. complete 
and elaborate form, all the material which was scattered about in 
tiie description of the particular experiments, and that thus notliing 
was gained for the understanding of the heabng process from the 
enumeration of all the experiments on wliich my conclusions rest 
beyond what is contained in the sequel. Pearing, tlierefore, that to 
expressly describe each individual experiment would have no effect 
beyond making my work more voluminous, I expunged that section, 
and have given at the end an account of only those experiments 
from which the drawings were mode, in order to render the latter 
more intelligible. 

My experiments were performed upon rabbits and pigeons. They 
relate principally to resections of the extremities and in the substance 

K bones. Some extirpations of bone are also included in the same 
xriment«. I hoped to discover the chief varieties of the healing 
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process, keeping in view especially the defects of the after-treatment 
in animals, by so conducting my operation, as — 

1st, to bring an articular surface covered with cartilage opposite 
the cut surface of the bone, and for this purpose I resected the head 
of the humerus only ; or — 

2d, to bring the two cut surfaces of one or two bones opposite 
to one another. For this purpose I resected from the shaft of the 
radius. 

I selected this bone because, after its division, the ulna offers a 
firm support, which secures as perfectly as possible the immobility 
of the resected ends of the radius. In order to secure still further 
the repose of the extremities on which the operation was performed, 
I always, in rabbits and pigeons, chose the anterior extremity for the 
operation, because rabbits make less use of it in running than of 
the posterior extremities, and because in pigeons we find a firm 
support for the limb operated upon on the trunk, by tying the wings 
together. It happens also in rabbits that the animals for the most 
part carry the bone operated upon in a hanging position, and drawn 
towards the body. 

I made the resections of the head of the hmnems for the most 
part on rabbits. The operation is, in the first place, mote easily 
accomplished in these animals than in pigeons, and the anatomical 
relations of the shoulder-joint in rabbits are much more similar to 
those of man than ia the ease in pigeons. In the latter the articular 
head of the humerus is wantii^, at least in the rounded form ; the 
bone is at its upper and very broad end provided with a smatl, 
oblong, articular surface, forming a very slight prominence, which 
articulates with the very small articular surface formed by the 
scapula and coracoid bone. Besides this the humerus in pigeons is 
filled with air, and injury of the air-cells which open into it cannot 
be avoided in the res^on of the upper end, a circumstance, 
however, which produces no morbid change appreciable either 
during life or on dissection. 

The resections from the shaft of the radius and the extirpations of 
this bone I performed chiefly in pigeons. The bones of the forearm 
in rabbits lie so close to one another that it is very difficult and 
requires great caution to resect the radius without cutting into the 
nlna, or even carrying the incision through the whole tl^kness of 
that bone, l^us it happened sometimes that I leseeted a piece 
from the radius and the ulna at the same time without intending to do 
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ao. In pigeons the bones of the forearm lie so far from one 
another that the operation can be performed with greater facility. 
It WMB for the same reason that I extirpated the radius in these 
animals. The great intenral between the radius and the ulna in 
pigeons has, however, this disadvantage, — ^that after the division 
of the radius the ulna is no longer able to secure completelj the 
immobility of its fragments. I have only once extirpated the 
ndins and the ulna tc^ether in a rabbit. The animal died a few 
days after the operation. 

The resection of the head of the humerus in rabbits I performed 

in the following manner : After the hairs were shorn off I cut 

through the skin and the muscles on the anterior part of the joint, 

near its middle line, by an incision about an inch long, running in 

the axis of the humerus from the edge of the articular surface of the 

scapula to a point below the articular head. The shining white 

eapsole of the joint thus exposed to view was opened bj an incision 

numing transversely across the head of the bone ; the head was 

rotated outwards, and the muscles attached to the smaller tubercle 

were cat through dose to that prominence ; then the head was 

twisted inwards, and the muscles were separated from the greater 

taberde. The luxation of the head and its complete separation from 

the soft parts were then effected with facility by incisions carried 

behind the bone. Lastly, the head, being fixed by a vulsellum, was 

■awn off either alone or with a portion of the shaft. The tendon of 

the long head of the biceps lies so tar inwards and font'ards, and 

slipa with such facility out of the very flat inter-tubercular furrow, 

that it often did not come into view at all during the operation, and 

was never injured. The greater vessels and nerves were hardly ever 

eut^ and the bleeding was almost always quite insignificant. 

For resection from the shaft of the radius I penetrated, after 
the skin was shorn or deprived of its feathers, through a muscular 
interspace to the bone. The muscles were held aside with fine 
forceps. When the bone was exposed I either separated the 
periosteum, after having divided it to tiie extent of the portion to 
be excised, taking the greatest care of it, an object which I was 
able to accomplish pretty well after some practice, or I cut through 
the periosteum transversely in the parts of the bone to which the 
aaw was to be applied. By a ribbon pushed under the portion to 
be removed the soft parts were carefully protected^ and the bone was 
through upon it. Splinters of bone which remained upon 
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the sawD surface were removed by tlis boae-nippers. Bruising 
of the soft parts can never be avoided without the protection of 
the ribbon, but it especially takes place when the space between 
the ulna and the radius is so narrow as it is in rabbits, in whom it 
occurs to some extent even when the ribbon has been pushed 
through. 

The extirpation of the radius I performed in a manner precisely 
similar. I did not spare the periosteum in this case. The bone 
being laid bare, I sawed it through in the middle, and then dis- 
articulated its upper and lower end. 

The great vessels and nerves were hardly ever injured in these 
operations, and the bleeding was always very inconsiderable. 

At first 1 always brought the wound together by the interrupted 
suture. Perceiving, however, that a firm cohesion of the edges of tJie 
wound was attained, but that the suppuration underneath was not 
diminished, and also that the deficient discharge of the exudation, 
which was at first bloody and serous and very copious, and after- 
wards purulent, was the cause of large pumlent accumulations, and 
perhaps of the remarkable mortality of the animals after the opera- 
tion, I no longer brought the wounds together. The resected ends 
of the bones were pushed as deep as possible under the soft parts, 
and I then closed the wounds in rabbits by lightly twisting together 
tlie hairs, and it was only in a very few cases that I observed pro- 
trusion of the bones through the wound. The proportion of 
mortality was thenceforth much more favorable, especially whem I 
at first cleaned the wound daily with water, and procured by incisions 
an exit for collections of serous fluid or of pus in the remoter 
parts. 

Except this there was very httle to be done in the after-treatment. 
A firm bandage which I tried to apply in various ways was never 
tolerated by the animals, and was soon gnawed and toni off. The 
only form of bandage which I have not tried, because I unfortunately 
thought of it too late, is enveloping the whole extremity in plaster 
of Paris. I do not know whether it would have answered better 
than those which I did try. ITiey were the following : wrapping 
the limb and the greater part of the trunk in bandages with or 
without paste, and with or without splints ; a]iplying sphnta with 
several rolls of sticking plaster ; or enclosing the extremity in a ease 
of gutta percha, seciu^d by pasted bandages. K the bandage 
a^lhered, it was generally so firm that I was obliged to remove 
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it on account of (Edema and considerable swelling in tbe parts 

around it, and from apprehension of gangrene. Tlie animals 

remained most quiet wlien I was able to shut them iu separate, 

and as far as possible, darkened rooms. But I was soon obliged to 

we up this plan, because in these conditions they became more out 

' health, and died more frequently than in olher cases. 

I have consequently never succeeded in obtjiiuing an immoveable 

condition of the parts concerned in the operation, and I do not 

venture to assert that all the means tried by me have so far fuMUed 

their aim as to secure a degree of immobility such as would even 

iroximate to that which is possible after resection in man. 

bear resection much better than rabbits. Out of 

'elve pigeons none died, while, on the other hand, of forty-five 

nbbits I lost twenty-one. Death occurred sooner or later after the 

operation, often from six to seven weeks. I found in these cases 

generally after resection of the head of the humerus, extensive 

accumulations of pus in the subcutaneous areolar tissue and the 

muscular interstices, not only on the limb which was operated upon, 

but also along the infra- and supra-spinous fossa, on the breast, and 

ce sometimes even along the whole of the upper extremity which 

not operated upon, but more commonly along the abdomen as 

as the parts of generation. Almost always there was more or 

of recent adhesion between the layers of the pleuia, serous 

ndation into tbe pleural cavities, adhesion of the pericardium to 

heart (the most beautiful instances of villous heart), and indura- 

<n and formation of abscesses, or extensive deposition of tubercles, 

' icipally in the upper lobes of the lungs, and sometimes in the 

lUscular substance of the heart. The veins on the limb operated 

upon, traced as far as the heart, never cxlubited morbid changes. 

The organs of the abdominal cavity were always sound. Only twice 

I found in the bver the bodies described by Kauffmann,^ and usually 

considered as itch-sporules ('psoro-spermien'), in small, scattered, 

white pustules. After resection from the shaft of the radius death 

ioUowed much more rarely. In these cases the accumulations of 

were absent, but on the other hand we found changes dependent 

a inflammation of the thoracic organs. 

Wlien death followed in a shorter time after the operation, no 

Eulo20oriim coguiliaDcm,' Disscil. hmug.. 
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trB« of the regeneration of the loss of eubstsnce was discoveraUf in 
ihe parts concerned. A grayiah or greeniah -white viscid flnid 
covered uniformly the bone and the soft parts in the viciuitj of the 
wound. The Boft parte were sonietimea rotten and brirtle, and infil- 
trated by the same viscid fluid. K a longer time had elapsed between 
the operation and the de»th of the animal, the products of the 
healing process were always present in the injured parts, but they 
were for the most part essentiaUy inferior in their development to 
those which I found in animals which had remained comparativfJy 
healthy and had been killed at the same time after the operation. 
Tlie healing process in such cases was not remarkably altered by the 
illness of the animal, but wac remarkably retarded. A few pecu- 
liarities which were found in them do not essentially deviate from 
the normal phenomena of the healing process, and will be treated 
of in the sequel as varieties of that process. 



DeSCEIPTIOX oy the HeALINQ PlOCSSSj FROa OttlGlSAL 
BICSEARCHES. 

I. Rtsecdon of the exiremiCtes of bones. 

In most eases tlie inflammatory phenomena after resection of the 
I'Ktremityof a bone attain a very great height. They usually disappear 
with the commencement of the suppuration, whicli remains of a lauda- 
ble character and moderate, if the secretion have free exit ; bnt, ifthat 
is not the case, the inflammatory symptoms persist, and the suppura- 
tion becomes very abundant and spreads rapidly. I have never seen 
union by the first intention. I have indeed observed the nnion of 
the wound in the soft parts by first intention when brought together 
by sutures, but I can only look upon this occurrence as unfortunate, 
since under the united soft parts the inflammation passed on into 
suppuration, and thus the further progress of the case was less 
favorable than it would otherwise have been. Steinlin has observed 
nnion by first intention in two cases of removal of the head of the 
tibia and fibula in the knee-joint. Tlie final results in these cases 
were no better than in those where healing by the second intention 
occurs with free eiit for the secretion. 

In the first few days after resection of the extremity of a bone, 
and frequently after the first twelve hours, a considerable swelling 



DESCRIPTION OF THB PROCESS. 1G3 

fcobserved around the situation of the resection, which fluctuates, 
and is usuall)> very painfal to the touch, aud consists partly of the 
tumefied soft parts surrounding the joint, partly of extravasated blood, 
liut principally of au abundant serous exudation stjiincd with blood. 
This is especially abundant if the wound of the operation is firmly 
closed, and quickly subsides if exit is afi'orded to the fluid. If 
this is not done, the swelling gradually increases, the exudation 
infiltrates the subcutaneous cellular tissue, as well as that between 
the muscles ; and a few days after the operation the whole ex- 
tremity, and often the neighbouring parts abo (especially the 
chest), are found very tense, cedematous, and extremely painful. 
In rare cases it occurs that during the following days the inflam- 
mation subsides, and a more or less complete absoriition of the 
exudation occurs ; but usually the latter is converted into pus, and 
thus gives occasion to the very oonBiderable ittfiUratimi of pus 
which I have before mentioned. The swelling becomes about this 
time of a doughy consistence, and less painful. Later on, in the 
case of rabbits, the pus, wliich is tiiick from the commencement, 
acquires continunlly more consistence at the part where it is collected, 
and becomes dry and crumbly : the swelling has by this time 
become hard to the touch and gradually painless. In this case 
there are found occasionally a series of abscesses lying close together, 
often communicating with each otiier, and encysted in a firm 
fibrous membrane. Occasionally the pus find a way to the exterior ; 
and then the skin in the neighbourhood of the opening is ulcerated 
to a greater or less extent. 

Another cause of the inJiUrationt of pus is the extravasation 
of blood which immediately follows the operation. This comes 
apparently from the vessels cut through in the operation — it is 
found, however, to an astonishing extent partly in the subcutaneous 
cellular tissue, partly in the interstices of the muscles, I have 
found it almost constantly after resection of the head of the 
humerus, along the humerus, and in the supra- and infra-spinous 
fossa, and more rarely in the subscapular fossa also. Its conversion 
into pus occurs gradually. 

In the human subject it seems that the (edematous swelling of 
the extremities and the infiHralton of pus occur much less commonly 
after resection of the extremitiet of bones ; still examples of these 
are found in the histories of eases. Seutin especially (Contributes a 
eue of resection of the head of the humerus, in which MniMder- 
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able infiUraiion* of pus occnrred in exactly tbe same situations 
in wtiich I have observed them after the same operation in rabbits, 
and in whicb death was caused by pleuropneumonia, Steinlin 
infonns me that be has seen the some appearances after resection of 
the Dpper extremities of the tibia and libula in the nibbitj but not 
freqaeutly, and always confined to the leg and fooL 

The swelling of the soft parts in the neiglibourhood of the resected 
joint graduidly disappears. The muscles surrounding the joint, 
which are partly cut through, partly uninjured, are at first only 
looiel) united together; later, about the sixth or eighth day, they 
are more or less closely incorporated, especially in the parts imme- 
diately adjoining the cavity of the wound; and form, by taking an 
insertion around the articular surface which has not been removed, 
and into the resect«d bone below the level of the section, a firm 
capsule, which, if the wound made in the operation has united, is 
an entirely closed one. 

Immediately after the operation the cavity, which it has occasioned, 
is lessened by the contraciion of llic muscles approximating the 
resected bone to the uniujured articular surface. It is exceedingly 
difficult to practise measurements of the shortening thus produced 
in such a way that they shall give an absolutely accurate result. 
On an aver^ I have found, after resection of the head and a 
portion of the shaft of the humerus, a piece on the whole six lines 
long, a shortening of four lines. After a certain time (usually only 
two or three hours) the muscular contraction a))pears to subside; at 
least I have foiuid at that time often no shortening at all, or only a 
difference of two lines. The cavity, thus increased in size, becomes 
filled with extravasated blood proceeding from the medullary cavity of 
the divided bone — this extravasation having a hemispherical rounded 
surface above (which is supported against the uninjured articular 
cartilage} covering the section of the bone below, and penetrating a 
short distance ijito the medullary cavity. I have seen remarkable 
differences in the extent of this clot ; but I have met with the clot 
itself in all cases. Sometimes it was only a liemispherical layer cover- 
ing the section of the bone, sometimes it attained the size of a 
cherry. Tliis variation appears to depend on the size of the cavity 
left after the operation. If the shortening of the extremity had been 
considerable, or the piece of the humerus which was resected only 
small, the clot was of small size; if (he contrary were the case, the 
f;oaguliun was always found of considerable ext*nt. On microscopie 
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naminntioa it was found to coosist of the stiff fibres peculiar to 
coagukled fibrin, of shrunken red corpuscles, and a mass of 
pale cells, most nearly resembling lymph-corpuscles, to which ele- 
ments were added, in the neighbourhood of the medullary cavity, 
granular and vesicidar fat in considerable quantity. This coagulum 
riowly slirivels up into a reddish-ycEow or brownish solid mass, 

ich gradufiUy disappears, apparently by being washed away piece- 

' in the suppuration. 
Granulations then take the place of the clot, shooting up from 
le inner wall of the capsule formed by the soft parts around the 
neighbourhood of the joint. The more luxuriant they are the more 
perfectly do they fill the cavity. From them, or from the exudation 
which they furnish, cellular tissue is formed, which, if the granula- 
tions have shot up only in a thin layer, is arranged as a membrane 
■ering the inner surface of the capsule formed by the muscles, and 
Urns represents a new articular capsule, on which the muscles are 
id. If the whole cavity have been filled by granulations, tliey 
a firm solid tissue, uniting the cut end of the bone and the 
articular cartilage, and continuous with the inner surface of the soft 
parts surrounding the seat of the resection. When the solid tissue ad- 
heres only to this surface, as I have often observed it to do, the move- 
able connexion between the resected bone and the uninjured articular 
cartilage is formed by the muscles, together with the external layer 
of the newly formed cellular tissue, which lies nearest to the 
muscles, wliile the portion 'nhich fills the remainder of the cavity 
forms, when in large quantity, that which in anatomical examina- 
tions of the human body has been called a meniscus. This so- 
called meniscus, however, may be considerably smaller, and is then 
found in the form of a tolerably smooth solid plate of ceUular tissue, 
which is stretched transversely across the newly formed articular 
capsule from one of its walls to the other, between the cut surface 
of the bone and the uninjured articular cartilage. In other cases 
this solid mass of cellular tissue is united not only with the muscles 
but also with the section of the bone and with the articular cartilage- 
How this union takes place will be shown in the sequel. 

Through the difference iu the quantity of the granulations there 
arise other forms of manifold variety on their conversion into 
celluhu" tissue. One of the most frequent which 1 have met with 
was this, that the mass of cellular tissue appeared to fill entirely 

space above the upper end of the resected bone, but that there 
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was still a small cavity in ita centre, which is to be regarded u a 
new articular cavity encroached upon bj the thickness of ita waU&, 
and which, in regard to its contents, b pretty closely analogous to 
the perfect newly-formed capsules. 

The newly-formed articular capsule, which extends from tlie 
origb of the muscles at the uninjured articular surfiwe to their 
insertion into the resected bone, sometimes encloses the latter, so 
that the head, which is reproduced in the way I shall presently 
describe, forms a joint within it with the articular surface^ or moves 
upon the latter at a certain distance; sometimes the lower edge of 
the capsule unites with the upper end of the resected bone. This 
difference depends in great measure on the method of performing 
the operation, Thu?, if the bone be separated from the nmscles a 
good deal beyond the part at which it is sawn through, and if the 
periosteum be preserved on the portion denuded of muscles, 
but not removed, the first state occurs, viz., that the head of the 
bone is enclosed in a capsule ; if on the contrary the bone is re- 
moved just at the part down to which the muscles have be«n 
separated, or if the piece of bone which has been exposed below the 
level of the section has been deprived of periosteum, and in conse- 
quence is attacked with necrosis and exfohates, the new capsule 
unites by its lower edge with the upper end of the bone. 

I have never observed what Steinlin has particularly described, 
viz., that the remains of the original articular capsnle contribute to 
the formation of granulations, and of the new articular capsule which 
is developed from them. I have found the remains of the original 
articular capsule of the shoulder-joint, which are in all cases oiUy 
inconsiderable, thrust inwards upon the glenoid cavity, at first 
between the coagulum and the articular cartilage, and later on 
between the latter and the granulations. At first it is permeated 
with much fluid, then is found infiltrated with pus, becomes rotten, 
easily lacerated, and appears to me always to become sloughy, and 
to be tlirown off. The granulations which shoot up from the 
muscles surrounding the cavity of the joint, consist of nuclei with a 
dark contour, and of round cells lying close together, with a delicate 
cell-memhrane, nucleus, and nucleolus. The change into cellular 
tissue is produced by the elongation of the cells into spindle- 
shaped bodies, which are arranged with their long axes tolerably 
parallel, and by the union of these bodies into fibres. Between the 
spindle-shajHid cells dark nuclei are found here and there lying in 
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longitudinal directions ; I have not been able to trace tbeir develop- 
ment into fibre-cells. The fibre-cells I have fonnd, on addition of 
acetic acid, to be in small numbers relatively to the newly formed 
fibrous tissue. I could never perceive a spiral twisting of the 
around a handle of the latter. Neither in the recent 
irous tissue, nor in the fully developed, have I ever been able 
to detect cartilage- cells in this situation. Thus it is seen that the 
so-e^led menisci already described consist exclusively of fibrous 
tissue. In general, I have observed that the fibres of the fibrous 
in the parts lying next the muscles, have more of a parallel 

ingcmeut, whfle towards the free surface of the new tissue they 
arranged in bundles crossing each other in various direc- 
tions, nie same difference was found in the transverse pUtes, 
tlie so-called menisci, between their free surface and their deeper 
parts. 

If, after not too great inflammation and not too copious granu- 
lation, a more or less strong articular capsule is found, the inner 
wall of this capsule is covered in rare cases with a layer of pave- 
nent-epit helium, and its cavity is filled with a fluid which differs 
the normal synovia oidy in ha«ng less consistence. I have 

er found a separate sTOovial membrane, such as Steinlin describes, 
which could be dissected off the capsule. Nor have I been more 
successful in finding the synovial processes (or epithelial processes) 
which have been found in the bursie mncosse, the sheaths of the 
tendons, and on tlie synovial membrane of the joint", and which 
have also been recognised by Steinlin in the joints of new formation. 
That the cells which I scraped off the inner smooth wall of the 
capsule were epithelial, I concluded from their polygonid form, their 
close approximation to each other, and from the nniversal paleness 
of the cell-wall and strong prominence of the dark nucleus, which 
oecnrred ou the addition of acetic acid. The nucleus also frequently 
sepaisted into several parts. This division of the nucleus, which 
was observed in the young epithelial cells, is indeed also a property 
of the nucleus of pua-globules, but a confusion with these was 
impossible, from the size, form, and tegular arrangement of the cells. 
The fluid contained in the capsule is serous, yellowish, slightly 
turbid, mised witJi reddish points, and stringy. It shows under 
the microscope, mined up into a yellowish and rather turbid mass — 
epithelial cells, somewhat shrivelled, obviously separated from 

inner wall of the capsule ; 2, small brownish granular corpus- 
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clea, which most resemble shrivelled blood-globuiea ; and, lastly, 
fat-vesicles of various sizes. The orig;iu of these two latter elements 
I am not in a position to demonstrate. I have observed the 
oeciirrence of the pavement epithelimn and of the synovia in only 
tliree cases, more than four wei-ks after the operation. Two of these 
are described in the seijuel, and furuislied the preparations figured 
at figs, 6 — 8 and figs. 34 — 27. 

The condition of the tendon of the long head of the biceps muscle, 
when uninjured in the operation, deserves particular mention. It has 
been frequently asserted, that the preservation of this tendon, wliich 
is attended with some trouble in operations on the human subject, is 
of no importance for the future usefuhiess of the extremity, because it 
will slough and will be removed in the process of suppuration. 

I have never seen anything of such sloughing and separatioa 
in any case. In examinations soon after the operation, I have found 
the tendon adherent to the muscles surrounding the situation of the 
joint, and covered on its anterior surface, which was turned towards 
the cavity left by the resection, with a thin layer of pus. In these 
cases it had lost a little of its polish and of its white colour on the 
surface, and was of a grayish hue. In later examinations, I have 
found it either covered only on the surface turned towards the cavity 
by granulations, which were not attached to it, or completely en- 
closed in them. If the healing process had proceeded almost or 
completely to its conclusion, I have found the tendon either united 
^^^ with the exterior of the newly formed articular capsule, or of the 
^H fibrous cord between the resected end of the humerus and the 
^^m glenoid cavity j or eh>e enclosed to a certain extent in this capsule 
^H^ by a sheath or duplicature of it. Shortly after the operation, the 
union with the fibrous tissue is found to be very intimate, and thus 
tlip. mobility of the tendon much impaired ; but later on, the onion, 
probably by the continuous and powerful muscular action which 

I ensues on the recommencement of the use of the limb, becomes much 
more loose, and the tendon can be moved hither and thither to a 
greater or leas extent. If it is enclosed in the fibrous uniting 
material, or in a duplicature of the capsule, the inner surface of this 
sheath is sometimes found polished. I have never found epithelium 
on tliis surface, or fluid in the sheath. 
From tliis I am led to apeak decidedly in favour of the careful 
preservation of the tendon of the long head of the biceps muscle in 
the operation. 
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In reference to the cliangca produced in tlie bone, they are 
as follows. Next to the sann surface a thin strip of the bone 
ia osuallj found, to the estent of about half a line, smooth, pale, 
ml deprived of its periosteum. The latter is nsually detached 
l:from the bone at its upper end in small torn shreds; and further 
I ilown, where it is no longer detached, it is reddened, Edematous, 
ft-and plentifully moistened by a somewhat viscid exudation, which is 
t4eposit«d between the bone and the periosteum in the fonn of a 
f ttun ycUowish layer, usually of an annular shape, with numerous 
■ aunate bloody puncta scattered through it. These changes in the 
liosteum, which are to be found from the second to the fifth day 
p^Aer the operation, extend to a variable distance along the bone. 
In most cases they proceed a sliort way below the point where 
the muscles are inserted, together with the periosteum, into 
the bone; but sometimes, when the general inflammatory symptoms 
had been considerable, I have observed the injection and exu- 
dation throughout the periosteum covering the whole bone as far 
as to the joint lying nearest below tlie point of excision. 

The yellow gelatinous layer proceeds from the inner sorface of 

the periosteum. It is more closely adherent to the latter than to 

the bone, so that on detaching the periosteum oidy a sbght trace 

i cf this material remains on the bone, and this may be readily 

iched from it, leaving a smooth unaltered surface. On micro- 

»pic examination the gelatinous matter consists of a pale-yellow 

, very finely granular, in which are scattered numerous fiit- 

ajcles and small dark rounded bodies (nuclei), each containing a 

cleolus, usually clearly marked. These bodies, wluch are proved 

D be nuclei also by their relations to acetic acid, rapidly increase in 

Ksiunber, and are soon found deposited in greater (juantity in the bias- 

, which has now become clearer and paler, and from which the 

t-vesicles have disappeared. Around many of them there is formed 

i delicate cell-membrane, usually enveloping them pretty closely, the 

' intents of which, generally finely granular, show as a dark border 

*■ err edging against the blastema, which is now in small quantity 

relatively to the numbers of the nuclei and cells. At the same 

period black nuclei, arranged longitudinally, and spindle- shaped cell-i, 

occur in the exudation, apparently as the consequence of a secoud 

kind of change in the nuclei originally deposited in it. They are 

found especially numerous in the superficial layers of the exudation 

Dearest to the periosteum; and about tbia time, viz., after the sixth 
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day, the exutlatioa is foood Go have undei^one changes percepdble 
to the naked eje, Tlius, besides an increase of volume, which ia most 
conspicuous in proceeding from the point where the periosteum with 
the muscles is inserted iuto the bone towards the section of the 
latter, there arc found two different substances in tlie deposiL Tlic 
one, which lies nearest to the bone, ia bluish-white, or freqaentl/ 
slightly reddened, and of cartilaginous consistence; the other ia 
yellowish-brown or reddish, and softer than the former. At the 
part where they are in contact they present the following arrange- 
ment 1 the bluish-wliite deposit is slightly tuberculalcd on its most 
superficial biyer, while the yellowish-red substance covers these 
elevations and sinks into the depressions between them. Thus, in 
the middle layer of the deposit, by making sections parallel to the 
surface of the bone, an appearance is obtained of a series of 
rounded bluish-white bothes scattered through a yellowish-red mass. 
As might indeed have been conjectured from examination with the 
naked eye, the microscopic characters of these two substances are 
precisely like what Voetsch has observed in the union of fracture* 
of bone with considerable displacement and long-continued mobility 
of the fragments, in the union of callus material which had been 
refractuied, and in the heahng process after resection from the shaft 
of the radius in a pigeon. Steinliu has obriously seta some- 
tiling of the same kind, but is short and inaccurate in his description. 
1 have also found the same dilferences in the organization of the 
exudation after resections from the substance of bones. 

The bluish-wliite material consists of the nuclei and cells above 
described aggregated closely; between which a slightly fibrillated 
intercellular substance may be seen in very small tpmntity. Although 
ilie cells are remarkably small, not attaining even later on the size of 
the cartilage- cells, and never showing endogenous cell -formation, 
yet this material must be considered as new cartilage in process of 
formation; and this view ia confirmed also by reference to the 
futher changes which take phice in it. The yeilowish-red layer of 
the exudation, on the contrary, consists of the elements of immature 
cellular tissue, such as I have observed and described in the forma- 
tion of the tissue of the new articular capsule. If fine sections out 
of the central layers of the exudation, where the two materials are 
continuous, are put under the microscope, rounded discs are seen of 
the small cartilage-cells and cartilage-nuclei, situated close together 
in a pale basement substance, surrounded by the yellowish-red mate- 
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xisl of the immature cellnlar tisane, WTiile, however, in the other 
.farts of the exudntion the elongated dark nuclei, ami the closely com- 
pacted spindle-shaped celLi, have a parallel longitudinal course, in 
the neighbourhood of these discs of growing cartilage, they affect a 
concentric arrangement, and mingle with the elements of the carlilsge 
in such a manner, that at a greater distance from the mass of car- 
tilage single cartiLige-cells are scattered amongst the components of 
ttie immature cellular tisane, and nearer to the masses of unmixed 
cartilage there ia found a perfectly gradual passage of the elements 
of the one tisane into those of the other. This transition of the 
cartilage into cellular tissue may be observed in any fracture which 
is eiiaiuined during the process of union, in passing from the deeper 
to the superficial layers of the exudation.' I have observed it 
especially well marked in frogs, in whom the apparently extremely 
late occurrence (or perhaps entire absence) of the process of ossifi- 
cation does not interfere with the perfect development of cartilage- 
tiasue in the repair of fractures. There is only one distinction to 
be made here. In investigations of the newly formed tissues 
around the situation of fracture in a bone, I have always obsen^ed 
the transition from the elements of cartilage to those of cellular tissue 
■ to be equable througliout the whole mass, and quite gradual ; while 
in those after resection, with which we have to do at present, I have 
found the transition always limited to that central layer of the exu- 
dation of which I have before made frequent mention, and so abrupt 
that it often has appeared at the first glance as if only single car- 
tilage-cells were strewn about in the immature cellular tissue, and 
as if the tatter were .'(harply marked off from the rounded cartila- 
ginous masses. 

The further dCTelopment of the two materials above described 
proceeds also in dilferent directions. The immature cellular tissue 
ia gradually developed into perfect cellular tissue, and is soldered 
into a single mass with the periosteum, which thus is frequently 
considerably thickened. The newly formed cartilage ossifies and the 
fcone thus formed is covered by the thickened periosteum. Only at 
the point of transition from the young cartilage to the immature 
eellular tissue, transitional formations are also found when the 
development has proceeded further. 



• This atalemenl, I believe, is meant to applj oiilj lo fractures in the lower 
I; animals.— TiuM. 
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The process of ossification commences very soon. Ila commence- 
ment occurs at about the same time at which the cartilage reaches 
the above-described stage of development. In consequence of the 
very defective development of the cartilage and the very rapid pro- 
gress of the formation of bone, the healing process after resection 
of bones offers very little that is useful for the study of the process 
of ossification. All that I have discovered in long-continued in- 
vestigations of tliis subject, leads me to support the \-iews developed 
by Toetsch. I ara not in a position to explain the cause of the very 
rapid commencement and progress of ossification. I have not seen 
either the development of blo< id- vessels, or vessels fully formed, in 
the cartilage. The layers of cartilage which lie nearest to the bone 
ossify the soonest ; and then the process goes on to the superficial 
layers. I have constantly observed that in the process of ossifica- 
tion, a finely granular dark opacity of the intercellular substance 
always precedes the deposit of large, dark granules on the internal 
surface of the cell-walla. At the hmits of the ossification the still 
unaltered cartilage-cells and cartilage-nuclei are constantly found 
surrounded by narrow bridges of blackened intercellular sub- 
stance. 

I cannot, however, give an unconditional assent to Steinlin's 
assertion, that a difference is to be found in this fact between the 
process of ossification in union by the first intention and that in 
union by suppuration; since distinguished observers like Koelliker' 
assert, that in the development of bones the ossification of the base- 
ment substance slightly precedes, as a rule, that of the cartilage-cells. 
I myself have never undertaken investigations into the bones of 
quite young animals ; and the fact that iiL ossification of enchon- 
droma I have seen the conversion into bone occurring first and 
markedly in the cartilage-cells, which were higldy develojted and of 
large size, does not justify me in regarding this as a phenomenon 
necessarily belonging to the normal process of ossification. 

I have succeeded in many cases in clearly observing the develop- 
ment of the bone-corpuscles (lacuna?) out of the cartilage-cells in the 
manner described by Voetsch. After the shrivelling and complete 
disappearance of the nucleus, I have seen the lacunee in the dry bone 
appearing unmistakably as empty spaces. The disappearance of the 
cell-membrane I liave not seen till a remarkably late period. I 

' ' Mikroscopisclie Aaatoinie,' Leipzig, 1850, p. 358. 



have often snccceJed, even in the perfectly formed bone, in bringing 
this membrane into sight again by treating the preparation w-itli 
dilute muriatic acid. Perhaps the very inconsiderable development 
and extent of the radiating canals which traverse the basement sub- 
. .stance going off from the lacunE, which I have always remarked, 
I 'depends upon this. The nuclei, around which a cell-membrane is 
not formed, are at first enclosed by a finely granular dark 
toaterial which permeates the intercellular substance. After this 
they appear to shrivel and disappear, as the nuclei do in the ossified 
cartilage-cells. Tliia view of the case is supported by the fact that 
' 1 a preparation of new bony material, treated with dilute muriatic 
cid in which the basement substance was slightly turbid, and the 
P «artilage-cells had come into sight again in many places, some with 
ahrivelled nuclei, others without any at all, there were no solitary 
naclei to be seen, and the close aggregation of the cartilaginous 
elements had quite disappeared, I believe that I may be permitted 
to explain the smallneas of the number of lacuna in the developed 
bone, in proportion to the extraordinarily close aggregation of the 
cartih^inous elements before ossification, by tliis disappearance of 
the free nuclei. 

The fully developed new bony material is very porous in its 
anperficial, but more solid in the deeper layers. Later on it 
acquires greater soUdity on the surface also. In the porous 
jnaterial are found large clear spaces, quite empty in the tiried bone, 
which are surrounded by relatively narrow bridges of bony sub- 
stance. Thus, the new bony material has the appearance of a 
wide-meshed net. I consider these spaces as the medullary cavities 
ot the bone, but 1 have not arrived at any definite view as to their 
development. I think I am in a position to assert in the most 
positive manner that these spaces do not possess any previously 
formed element, in the organization of the exudation up to the com- 
mencement of ossification, from which they can be developed. The 
only possible assumption, which could be founded on these premises, 
Tonld be that they are formed by the coalescence and subsequent 
disappearance of several cartilage -cells which do not progress to 
ossification ; but for this view I cannot find any support in my 
.observations. I cannot agree to Bidder's' view, viz., that they 
) formed from cartilage-cells which enlarge into maternal cells 

"Zur Histogeaese der Kaocliea," UucUcr's 'Aidiir,' 1843. 
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surrounded by progeny, because I have never be«i able to find any 
trace of endogenous ceil-formation in the exudation when it has 
been organized into cartilage. For the same reaAou I cannot 
aBsmne that they are formed from the CAiiats of the curtilage. I 
have never seen these latter, and from this circumstance I derive a 
support to the idea that they are altogether absent in that immature 
cartilage, which attains only so low a grade of or^nization as 
that of which we are speaking at present. I am therefore inclined 
to Koelliker's' opinion, that the meshes which I take to be medullary 
cavities are formed by the absorption of previously formed bone. 
I have found them to possess exactly the properties described 
by Koelliker. TTieir contour is irregular, often presenting an eroded 
appearance ; they are larger than the cartilage-cells, elongated and 
oval, or angular, but with a generally oval figure. I have nevet 
been able to find bone-cells more or less eaten out on their walls, as 
Koplliker has described ; but, on the other hand, have often seen pro- 
cesses of the ossified basement-substance projecting into them. Per- 
haps, however, some other explanation of the development of these 
medullary cavities may suggest itself to the reader from the sequel. 
The immature cellular tissue which lies next to the cartilaginons 
material in the central layer of the deposit also takes part in the 
process of ossification. I have seen in the most indubitable manner, 
at the places where the above-described transition of the cartilage 
into the immature cellular tissue occurs, the deposit of the same tlnely 
granular dark masses between the elements of the immature cellular 
tissue as are found in the cartilage; and I believe that we must regard 
the elongated nuclei of this tissue as the preliminary elements for 
the formation of the bone -corpuscles, or lacunae. I have failed to 
follow step by step their conversion into bone-corpuscles ; but this 
view is supported by the extraordinary length and narrowness of 
the bone-corpuscles in general in the bony material which is formed 
from the cellular tissue ; and further, by the fact that in treating a 
preparation of this material with dilute muriatic acid, a considerable 
development of air-bubblca occurs, the field clears, and showa the 
clear transparent disc of cartilage, altered as above described, and 
surrounded by a tolerably clear, very obscurely fibrillated and 
almost homogeneous material, of a light-yellow colour, in which 
longitudinal dark nuclei are seen lying in the situation formerly 

' Loc cil., p. 363. 
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ftfleeapied by the bone-corpuscles. Between tliew; are merely seen 
tered siDgle cartilage-cells. I have fmind this ossification of 
e cellular tissue only in the central layers of the new deposit ; in 
llie superficial Ihjcts of the yellowish-red material of the esudatiou, 
I have never seen it. When the process of ossification is ter- 
minated, one is able to see, sometimes very plainly, a difference in the 
colouring of the different layers of the new bony material. Thua, 
I have found the most sujierficial layer, adjoining the thickened 
periosteum, of a brown colour for a grcjit distance, while the 
subjacent layers become lighter coloured, til! they attain a snowy 
whiteness. The porosity and softness of the bone were ecjual 
throughout the different layers, and the large medullary cavities 
studded all of them without distinction. 

The ossification of cellular tissue, or the formation of bone 
without the transitional stage of cartilage, is no new phenomenon, 
Virchow' has observed it in the formation of osteophytes on the 
skull, and has lately remarked upon it in a work on the identity of 
the corpuscles of bone, cartilage, and cellular tissue. I can testify 
to the general accuracy of the description which he gives of the 
process in the work first quoted. I have, however, never seen 
vessels in the formative material, nor have I seen the spaces till 
■ later period, wlien the bone was fully formed. Besides, I have 
always found that the nidus, in which the deposit of the finely granu- 
lar dark matter occurs, is composed of the elements of the immature 
oelluliu' tissue, and that it is not till this deposit has made some 
progress that these elements become obscure and disappear, when 
the material assumes a homogeneous appearance. Finally, I have 
almost always found it possible to bring the longitudinal dark 
nuclei into view again by the addition of acetic or dilute mnriatic 
add — more clearly by the former than the latter. 

In normal histology, also, we find the ossification of immature 
I mUuIst tissue. KoelUker,' and Sharpey, whom he quotes, have 
ibseiTcd that the increase in thickness of the bones which are formed 
' b cartilage takes place by deposits from the periosteum, which after 
tiBving been organized into half-formed cellular tissue and simple 
blasterma-cells, are converted into lamellated osseous tissue, by the 
absorption into their fibrous substance of salts of lime and meta- 

' 'Archiv filr patliologiKhe Anatomie,' i847,Bd. I,p. 135 ) ' VerliaudluDgcu 
(ler wuraburger meil. plija. Geaellachaft,' Bd. ii, p. 158. 
' Loc. cit., p. 366. 
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morphosis of their cells into lacuiue. A peculiarity of these 
deposits of boiie is their arrangemeot into reticulated Umellte, 
iutcrrnptcd by rouuded or eloiigatfd spaces. This bony material, 
which is rendered porous by the presence of these spaces, does 
not become compact till a. later period. If the reader nill com- 
pare the process aa described by me with the above ; if he will 
compare the properties of the newlj formed bone on the resected 
extremities, and its subsecjuent changes, with these lamellBe, which 
occasion the growth of a bone in its thickness ; and finally, if he 
will remember that at the end of the heating process after resection 
so considerable a deposit of bone is found around the resected 
extremity as to staud iu no ratio whatever to the deposit found at 
the commencement ; I think he cannot refuse to admit the analogy 
between the two processes. I, therefore, believe it possible, that in 
the reproduction of hone on the stumps of resections, aa in the 
original development of the bone, an exudation is deposited which 
is converted into cartilage and then ossifies, and that by continual 
deposits from the periosteum, which are organized into immature 
cellular tissue and then ossify directly, a further increaac of the new 
bone which was originally formed in cartilage takes place. 

In reference now To the further processes which take place on the 
resected end of a bone, and from which, perhaps, the views above 
propounded may derive still further support, they are as follows ; 

Contemporaneously with the exudation wliich takes place on the ex- 
terior of the bone, and with the reproduction of bone in that situa- 
tion, the same thing takes place in the medullary cavity of the bone. 
The ossification of tlie exudation which occurs in this situation 
proceeds still more rapidly than in that which is formed externally; 
and the part of the exudation which remains still unossified, appears 
to be so intimately united with the medulla, that when the latter is 
removed it comes away with it. I have, therefore, no observations 
to make upon the properties of this exudation at the earlier periods. 
As soon as the sixth day, and afterwards, a thin ring of bone is to be 
found on the sides of the medullary cavity, which graduaUy enlat^es, 
and in the_ end completely closes that cavity with a plate of bone 
of greater or less tliickness. The upper level of this plug is 
generally the same as that of the external deposit of bone. While, 
however, the latter constantly commences at the lower edge of a 
necrosed portion of the upper end of the bone (the necrosis being 
a consequence, apparently, of injury of the periosteum, or of its 
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Betaclunent in samng through tlie bone,) the deposit of iiew bone 
in the medullarj* cavity is often found lining this external necrosied 
ring. It ia then usaally situated with its lower edge exactly on 
the same level as the upper edge of the external bony deposit. 
This appearance is exactly in union with the processes observed 
in peripheral necrosis. Later on, the upper ring of bone becomes 
entirely necrosed and is thrown off, or else its peripheral layers are 
exfoliated. We get then a club-shaped, or in the latter case a 
somewhat pointed, and completely closed end of bone, resembling 
more or less an articular extremity, but differing from it essentially, 
besides the difference in shape. 

In more rare cases the plug of the medullary cavity is absent. I 
obsen-ed this in one case where a small dry residuum of the blood- 
clot which originally proceeded from the medullary cavity still 
adhered firmly to its interior, and filled up its upper end ; and again, 
in a case where the upper end of the bone had become necrosed 
throughout, and lay quite loose in a hemispherical capsule of new 
boaj material open at the upper end. I have failed to find an 
explanation for this defective closing of tlie medullary cavity. 
Perhaps the blood clot, which may be regarded as a foreign body, 
and the necrosed ring of boue, kept up the suppuration to such an 
extent, that the new bony material already formed in the medullary 
cavity was reabsorbed, an event which Steinbn regards as possible. 
This view is rendered probable by the fact that the internal surface 
of the bone in tlie cases above mentioned had a carious appearance 
for some distance. 

The loss of substance caused by the resection is not restored by 
new formation of bone; on the contrary, in consequence of the 
necrosis and exfoliation of the upper section of the bone, the loss of 
substance is in most cases greater than immediately after the 
operation. Ouly occasionally, when the upper section of the 
bone is necrosed throughout, new bony material encircles this also ; 
having no connexion with the dead bone. In the greater number 
of cases the deposit of new bone serves only to round off and close up 
the upper end of the old; and thus an increase of volume is caused 
only in the thickness of the bone. 

The connexion of the new articular extremity of the bone with 
the parts which surround it is peculiar. The muscles are inserted 
into the bone only by means of the new articular capsule, or by 
s of the fibrous uniting material. The upper end of the bone 
12 
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is covered by a layer of fibrous tissue ; either connected at its edges 
only with the new capsule, or on its whole surface with the solid 
cord between the bone and the opposite articular surface. This 
connexion takes place partly by means of the granulations which 
spring from the bone in order to the throwing off of the necrotic 
ring, and which unite with those which proceed from the soft 
parts; partly, as it appears, by means of the exudation, which 
originating in the medullary cavity effects its closure* by bone, but 
on its surface is organized into cellular tissue. I believe at least 
that I may assume this to be the case, since, even in cases where 
the separation of the necrosed ring has not yet taken place, I have 
still occasionally seen the bony, material which closes the medullary 
cavity already covered with a layer of cellular tissue. I have 
never discovered a trace of cartilage on the upper surface of the 
cut end of the bone. 

The newly formed bony material is at first porous, and encloses 
the walls of the old bone, which are plainly visible on a longi- 
tudinal section. Later on, it becomes more compact, and at length 
a process of absorption occurs in it, as well as in the portion of 
old bone which is enclosed in it, by which the wall of the old 
bone becomes rough and perforated, and at length disappears, 
whilst in the place occupied by it and in the entire mass of new 
compact bone the formation of diploic tissue commences. Thus 
the end of the bone presents, finally, a very fine reticular tissue 
covered by a lamella of compact substance ; on a section, it is seen 
to be of a reddish colour, and occupied by numerous vascular 
puncta. Whether the delicate cells contain normal medulla, as the 
medullary cavity does which lies beyond the newly formed plug, I 
have not been able to decide. I have found the new formation of 
bone (except that in the medullary cavity), as well as the first appear- 
ances of exudation, always to the extent of the periosteum only ; 
tod, judging from the alterations in this membrane, and from the 
delations between the exudation and tht periosteum, I consider 
the latter as the source of the exudation, and I consider 
inflammation df the periosteum as the cause of its existence. In 
all the cases in which the general symptoms of inflammation have 
b6en very considerable and extensive, the injection and tumefaction 
of the periosteum^ the exudation, and finally the new formation of 
bone, have been found very extensive. Thus I have observed this 
fbrmation extend over the whole homeros, over the articular surface 
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t the scapula, and along its spine into the supra- and infrn-spinous 
'fessa. In the cases in which I have resected only the head of the 
^ flumeni!! and left the shaft ([uite entire, and thus have mechanically 
isolated the periosteum but httle, or not at all, ou the one hand the 
consequent inflammatory symptoms were, as a rule, very inconsider- 
able ; and on the other, as Steinlin has also observed, the new 
osseous formation on the external surface of the bone was either 
qoite absent, or was very scanty; while in these, as in aJl other 
cases, the medullary cavity was closed by & bony plug. 

The relation between the articular cartUs^e and the uninjured 

joint-surface opposite the resected extremity is also dependent on the 

degree of the inflammation and of the suppuration consequent upon 

it. When this was slight, I have always seen the cartilage remain- 

l ing on the articular surface, slightly turbid on its surface, but 

I otlierwise quite unaltered. But if, on the other hand, considerable 

inflammatory symptoms have preceded, I have found that the 

investing cartilage has either altogether disappeared, or is loosened 

at the edges, thinned, and very opaque; and often covered with a 

r ihin kyer of yellow viscid exudation, and roughened. In particular 

I a perforation of the bony wall of the articular surface may 

IdUow on this; the consequence of which is the simultaneous 

^ gradual enlargement of the compact tissue of the articular process, 

and the passage of pus into the diploic texture of that bone, by 

which it is destroyed. 

Granulations begin to shoot up from the surface of the bone 
thus denuded of its cartilage, even during the process of exfoliation 
of the latter ; and these unite with those which proceed from the 
soft parts, and thus either occasion the union of the solid fibrous 
uniting medium with the articular cavity in its whole extent, or, if a 
new capsule has been formed embracing the edges of the articular 
sur&ce, are organized into a covering of cellular tissue for that 
surface. 

The separation or gradual disappearance of the cartilage is accom- 
panied by alterations in its texture, wliich Redfern' has particularly 
described under the designation of " eofleiiiMp " of the cartilages. 
These alterations proceed from the circumference and the surface 
i the centre and the deeper layers. The intercellular sub- 
iBce appears at first yellowish, finely punctuated, as it were, and 

' Abuorai^ Nulritioii iu ILw Artkulu CsrliUfca.' Ixwd., ifi^- 
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□paque ; grnduallj fibres make their appearance in it, wliich are 
filiglitly wavy, and resemble the fibres of cellular tissue, but are 
frequently broader, and have the same relation to acrtic acid as 
the fibres of cellular tissue. In the cells, which are at the 
same time considerably enlarged and arranged irregularly, a deposit 
occurs of a quantity of small darkish bodies, which must be regarded 
as fat-vesicles. Tiiese often fill the entire cell, but occasionally lie 
in smaller quantity, arranged arouud the nucleus like a necklace. 
They either remain separate, or coalesce into one large bubble of oil. 
Besides these, small dark granulated corpuscles make their appear- 
ance, disappearing with a considerable development of air-bubbles 
on the addition of acetic acid, aud cells provided with a well-marked 
nucleus and nucleolus. The membrane of the cartilage-cells 
becomes gradually paler, and disappears. Tlieir contents are found 
either enclosed by a clear transparent areola in the intercellular 
substance, which is contrasted against that substance, but without 
any definite contour ; or else a similar clear space is found without 
auy such contents ; or else the fibrous basement substance lies imme- 
diately around the cont^nta of the c«lls which are poured out into 
it. In the end a homogeneous fibrous material is found, in which a 
laf^ quantity of fat-vesicles are scattered about together with some 
small and generally granular cells, A few washed-out clear streaks 
pat<s through it. 

In examining the material which covers the surface of the carti- 
lage as a viscid exudation, I have found it homogeneous, dark, and 
finely granular, without any trace of organization. 

Towards the end of the healing process, the adliesions between 
the muscles surrounding the joint are usually reabsorbed. Tlie 
muscles are again easily separable at some distance from their 
insertion into the new-formed capsule or the Abrous uniting material. 
I have already made the same observation as to the adhesions 
between the tendon of the long head of the biceps and the parts 
which surround it. Perhaps, as a consequence of tlus liberation of 
the muscles, at any rate always simultaneously with it, a recurrent 
shortening of the extremity operated on takes place, which, however, 
1 have never seen to so great an extent as that which immediatdy 
follows the operation. The degree of this depends of course 
principally upon the size of the portion of bone removed, and 
the nature of the new joint which is formed. 

The usefulness of the limb operated upon became in many cases 
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I quite perfect again — notwithstandii^ the shortening ; in other 
I cases it renmtued so far imperfect that the animals used the limb 
I operated on only in quiet motion, and in more rapid movements 
I carrie-d it drawn up to the body and pendulous. In a few cases 
ftiie result was so unfavorable that the animals appeared uuable 
> raise the limb, and dragged it after them on the ground, Exco- 
r nations then formed upon the leg. I have never seen the formation 
of anchylosis in the shoulder-joint. Contractions in the neighbour- 
ing joints occurred only in a few cases, and always only in tliose in 
which the inflammation in the upper arm had been propagated 
b downwards to the joint lying next below it, and had resulted in 
hmppuratiou there. I have found in those cases the articular cap- 
r mle considerably thickened, swollen out like a ball, and containing 
Bdiy white pus. The cartilages investing the articular ends had 
Bffisappeared, and the latter were either rough and porous, enlarged, 
jvered with fibrous tissue, by means of which they were more 
r leas immoveably aiichylosed together. Undoubtedly the altera- 
{'tion in the insertions of the muscles involved in the operation is 
capable of producing contraction, as soon as these muscles come 
tinto action again; but I have not succeeded in proving this to be 
the cause of it in any of the cases which I have observed. 



n. Besectum frma the sitMaiice of bones. 

The healing process after resections from the substance of bones 

I takes place as often by first intention as by suppuration, if the 

l.irounds are brought into accurate apposition. I have never seen 

I my essential diflerences in the results, dependent on one or the 

l^her kind of union. If the union has occurred by su]>puration, 

r the preceding inHammatory svmptoms have never been so considera- 

•ble, or the suppuration so abundant, so extensive, or so persistent 

! in resection of the ends. In essentials the process of union 

B the same as that of fractures, as the latter is set forth by Voetsch 

fin the work which has been so often quoted. 

We find the same alterations in the soft parts which surround the 

f situation of the resection, the same alterations of the periosteum 

and of the exudation wliich proceeds from it. In the latter the 

differences above described are observable from an early period. 

I have not succeeded in following the development of ossification 
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in that }>art which is organized into immature cellular tissue ; aiid 
do not know whether it furnishes a product of another form in this 
case also. In the cases where, after the completion of the he&ling 
process, the two resected exlremitirs, wliich are enlarged by the 
dejmsition of new bony material and in which the portion of the 
medullary cavity lying nearest the sectional surface is closed up, 
are united by a fibrous matfrinl (evidently developpd out of the 
immature cellular tissue,) granules of bone are frequently found 
deposited in tliis cord, I have seen such granules also after resec- 
tion of the extremities of bones in the portion of the exudation 
which is eonvcrted into fibrous tissue, bat have deferred their men- 
tion till this place. Their origin is doubtful. On the one baud it 
cannot be denied that it is possible that such granules of bone 
may be portions of the old bone, which are splintered off in the 
sawingj and become afterwards imbedded in the exudation. Voetsch 
inclines to this opinion. He found a granule of bone of this kind 
on the eightli day after resection of a portion from the substance of 
the radius of a pigeon, in the yellowish-red part of the exudation. 
Again, these granules of bone may also be formed by the ossification 
of rounded agglomerations of lowly developed cartilage -cells ; and 
such cells I have found scattered through the immature cellular 
tissue which is formed from the exudation. This opinion appears 
to me to have at least as much probability in its favour as the 
one above mentioned. For the fact that granules of perfectly 
developed bony substance should be foiuid so soon after the opera- 
tion cannot militate against it, inasmuch as about the same time a 
large part of the cartilage formed around the resected ends is already 
fully ossified. I should have assumed unconditionally the develop- 
ment of these grannies of bone out of the discs of cartilage, were it 
not from an examination of them and of the cellular tissue surround- 
ing, them, on one occasion, which made me doubtful of this. Thus, 
when I have subjected the newly formed bony material, not too 
long after the resection, to the action of dilute muriatic acid, I have 
usually observed, after a copious extrication of air-bubblcs, the 
structure of the cartilage come into view again, more or less altered, 
after a tolerably long interval. But on the occasion referred to, on 
making a fine section of one of the granules of bone of which I am 
speaking, in the preparation of which numerous particles, mostly of 
small size, were detached, and examining it with its surrounding 
cellular tissue under the microscope, I saw, contrary to the result of 
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[ my other observations, tlic wavj- fibres of the cellular tisaae nmning 

a perfectU' parallel course^ and not arranged concentrically around 

I the dark bony material ; and I believed that I could also see them, 

rtkongh very obscurely, runuing tliroiigh the finely granular masses. 

~B the latter Liy small longituihnal corpuscles, with short radiating 

arranged parallel to the fibres of the cellular tissue. 

Hien I added diluted muriatic acid to the preparation, the fibres 

ittside the dark portions became pale, and gradually disappeared. 

?he black corpuscles with their radiating processes also disappeired 

rom the dark spots with a considerable eirtrication of air-bubbles, 

1 in the clear transparent homogeneous material, which was left, 

Y sh'ghtly clouded in the situation of the former dark spots, were 

J single, round, and elongated nuclei. There was no trace to 

een of any structure resembling cartilage. It seems to me 

lerefure possible that the granules of bone imbedded in the cellular 

Beue mAV aLso originate from an ossification of the cellular tissue 

I have n 
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never in any case seen perfect bony reparation of the loss 

occasioned by resection from the substance of a bope. 

iu the preparations which I removed soon after the operation 

kve I found the materials necessary for it. For the cartilaginous 

ions deposited on the cut ends were never united together, but 

always separated by a layer, however delicate, of the yellow soft 

exudation. 

The reproduction of the- bony material was reduced to a mini- 
mum ill those cases in which I had taken away the periosteum 
;ther with the piece of bone. It appeared then only around the 
of the bonea, which were rounded off by it or ended in a 
tubercular point, while the medullary cavities were closed in the 
immediate neighbourhood of the sections. Occasionally, iu these 
cases, after resection of the radius, the ends were immoveably 
united to the ulna by a new bony formation estcnding to a variable 
distance on that bone. I have never seen any bony deposit iu tlic 
medullary cavity of the ulna. The space left between the ends of 
the bone was either filled up by a cord of cellular tissue, or was 
quite empty. 

Corresponding to the slightness of the inflammatory symptoms 

which follow resection from the subsl-ance of bones, I have found 

[y in a single case new formation of bone at a considerable 

itance from the cut ends of the bone; iu the rest it was 
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always limited to the neighbourhood of the sawn surfaces of those 
ends. 

Thua, besides the preservation of the periosteum, I have to lay 
down as a second condition necessary for the bony union of the 
resected extremities, their perfect immobility. I have not suc- 
ceeded in determining whether the want of this condition causes 
only a difference in respect of quantity in the organization of the 
exudation into cellular tissue and bone, or whether a difference 
also in quahty ia connected with it, so that with complete immobility 
of the resected extremities no organization whatever of the exuda- 
tion into cellular tissue occurs. In judging, however, from the 
results obtained by investigations into the healing process after 
fractures, I consider the former as probable. 

Occasionally, after resection of portions of the sliaft, the cut 
surfaces of the ends of the bone are attacked with necrosis, and 
this may, even in rare eases, extend beyond them. If the necrosis 
is peripheral, the medullary carity becomes completely closed by 
bony material within the necrotic portion, while new formation 
of bone goes on gradually on the outer surface of the bone — 
especially on the side of the bone turned towards the wound — 
commencing originally below the necrosed portion. If the necrosis 
is total, the medullary cavity of the healthy bone is closed below 
the line of demarcation, and the necrosed portion is sometimes in- 
vaginatcd by newly formed bone, which originates from the outer 
surface of the sound bone, and progresses slowly ; while, occasion- 
ally, the new formation of bone does not overstep the line of 
demarcation. 

Tlie newly formed bony material on the resected ends is at first 
porous ; whiter when dry than the remains of the original bone, 
and quite sohd. Later on it becomes more compact — the remains 
of the original bone are absorbed, and diploic tissue and a 
medullary cavity are formed in it, the latter being closed at the cut 
ends by a deUcate lamella of bone. 

If the loss of substance left after the completion of the healing 
process is somewhat considerable (as it was in all the cases in which 
I operated without preserving the periosteum), there resulted, as 
Heine has also observed, a bending or a shortening; which, in 
limbs with two bones, was strongly marked on the uninjured one. 

In rare cases, especially if the inflammation liad been propagated 
to the next joint, and had there resulted in suppuration, con- 
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"tractions were developed, which rapidly increased and much in- 
terfered with the usefulness of the extremity. In the joints which 
had suppurated I found the changes mentioned in the former 

I net ion. 
* The muscles surrounding the situation of the resection, which at 
Irst are firmly united together for some extent, at a later period can 
w separated again ; they are adherent to each other close to the 
■oint of resection, and are attached only to the periosteum, whicli 
■ somewhat thickeneil, and to the ends of the bone, but also 
Jiroject into the gap which is to be found between the latter. 

The utility of limbs with only one bone is of course interfered 
with by the false joints which are formed; in those with two 
es, the one which was uninjured often formed a sufficiently firm 
^port to maintain entirely the usefulness of the extremity. 
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ni. Extirpation of 6one*. 

I have extirpated the radius in pigeons, without preserving the 
iosteum, six times only. Tlie woiuids were closed by a lirmly 
lerent dried coagulum of blood, and all healed by the first iti- 
ition. No inHammatory symptoms whatever made their appear- 
ance in the neighbourhood of the woimds. When I unloosed the 
wings, from three to six weeks afterwards, the birds flew perfectly 
,well. 

In no case could I see a trace of new formation of bone. I felt, 
lUgli the soft parts, a firm, thin, perfectly flexible cord in the 
ition of the radius. In the dissection it was often impossible 
to find even this. The firm cicatrix in the soft parts occupying the 
position of the radius, which were closely united together, had 
obviously given the feeling of a cord. In other cases there was 
found between the soft parts a thin cord-like fibrous material closely 
united to them, wliich in one case enclosed the residuum of a 
yello wish-brown coagulum of blood. The articular surfaces which 
had been exposed, but not injured, in the operation, were closely 
surrounded by the consolidated soft parts, and covered with mi. 
dtered cartilage. 



CHAPTER IV. 

EXPERIMENTS WHICH HAVE FURNISHED THE PREPARATIONS 

fOR THE PLATES. 

I. RetectUnu of fie extremities of bones. 
ExPERiME^ I. (Figs. I, 2, 3.) 

On a fall-grown rabbit the head of the hmnenis and a part of 
its shaft was excised in the way above described (p. I59)> and a 
piece seven lines long on the whole was removed. The length of 
the upper arm before the operation, from the acromion to the point 
of the olecranon, was two and a half inches, and immediately after 
the operation two inches two lines. Three hours afterwards no 
shortening could be detected. The animal was cheerful, ran about 
with the leg hanging and trailing a little, and fed. Gradually the 
animal drew the . extremity so much towards its body that it no 
longer touched the ground in running. It died on the eighteenth 
day after the resection. The examination was made immediately 
after death. I then found the upper arm which had been operated 
upon three lines shorter than the sound one. At the dissection, a 
rather hard swelling, the size of a walnut, was found, on the an- 
terior wall of the thorax between the fore 1^, which contained 
thick yellow pus. The lungs and heart were healthy. 

No particular swelling was to be seen in the neighbourhood of 
the joint. The wound was closed, but the soft parts in its immediate 
neiglibourhood were infiltrated with pus. By cutting through the 
soft parts on the outer side of the joint, a cavity about the size of 
a pea was exposed, filled with inspissated pus. The resected end 
of the humerus was situated in this, lying near to the glenoid 
cavity. The muscles surrounded the bone up to half a line below 
the level of the section. In their course up to the glenoid cavity, 
and around that cavity, they were firmly united together, almost 
cartilaginous in consistence, and thus formed a sort of capsule 
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BTound the sitnation of the joint. They were covered with graoula- 
tions on their inner (free) snrface. The snrface of the bony section 
was covered with a white and tolerably firm cap, about two hnes in 
thickness, which separated it from the glenoid cavity, 'lliis cap 
was in intimate connexion with the medullary substance, and lay 
upon the free edges of the tube of the bone, but without being 
attached to them. The substance of this cap was found, on 
microscopic examination, to consist of an ainorplious granular mas5, 
of turbid yellowish hue, through which fine librea ran, crossing 
each other in various directions. Pus-cor[iuscles were visible on 
the edges and in the circumference of the object. 

The bone above the insertions of the muscles was white, dry, 
smooth, and deprived of periosteum (fig. i b, fig. aii). It was 
very difficult to separate the muscles from the liumerus. In 
doing BO the periostetun covering the bone up to t!ie necrotic ring, 
and a few of the bodies which will be described directly, lying 
between the bone and periosteum, were torn away from the bone 
with tliat membrane. On the exposure of the upper end of the 
bone, an annular swelling was observed around it, which began 
close below the part deprived of periosteum, and descended in a 
gndnally decreasing layer, down to about a quarter of an inch below 
the surface of the section, where it passed imperceptibly into healthy 
This deposit consisted in iU outer portion of a yellowish- 
iss, ill which, ej(pecially at its upper edge, were found 
jrobedded some pale, firm granules, about the size of a pin's 
head, arranged like a necklace. These again contained in their 
centre a material of snowy whiteness. The deeper layers of the 
deposit, lying next the bone, were nho white, and (especially 
inseparably united with the bone (fig. i a, fig. a aa). 
.t the upper part the whole deposit might be separated from 
bone, as was done accidentally in denuding it of the muscles, 
le bone underneath it, was pale and rather rough. 
On microscopical examination, the yellowish-red mass was seen 
io consist of a number of fine parallel fibres, which became paler 
on the addition of acetic acid, and gradually disappeared, leaving a 
ntunber of fine blackish elongated nuclei, Ijing in a direction which 
corresponded vrith the axis of the fibre. Close to the rounded 
! which were imbedded in them, the fibres assumed a con- 
arrangement around the granules; the number of nuclei 
e to an extraordinary degree ; they became smaller 
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and round ; and the transition to true cartilage, of wliich the pale 
substance of the hard granules consisted, was very gradual. In 
the cartilage the nuclei were small, rounded, very thickly aggre- 
gated together, partly witli, partly without, nuclei, and surrounded 
by a cell-membrane, encircling them for the most part closely, the 
contents of which were finely granular and rather darker than the 
intercellular substance, which surrounded it in sparing quantitj". 
At the situation of the snow-white material contained in the white 
granules, the cartilage was found to be ossifying. In the inter- 
cellular substance at this spot a quantity of hue black corpuscles 
were scattered, which surrounded the still unclianged cartilage-cella 
at the edges of the ossification. At the situation of the os3i6cation 
the cartilage-cells presented, on their inner surface, a ring of fine 
black angular corpuscles. Between these corpuscles minute canals 
led, in radiating directions, outwards into the intereeUular sub- 
stance. In a few sections the cartilage-cells seemed to have dis- 
appeared out of the intercellular substance, so that the latter was 
disposed around clear spaces, and assumed a network appearance. 
The nuclei in the ossified or ossifying cartilage -cells were partly 
shrivelled, ])artly gone, and thus the boue-corpuscle (or lacuna) 
which had been formed out of the cartil}4^-eell was clearly shown 
as a hollow cavity. On addition of acetic acid the black corpuscles 
disappeared slowly, with a considerable formation of gas-bubbles ; 
both the finer ones from the intercellular substance and the larger 
ones from the cartilage-cella. There remained perfectly clear car- 
tilage, in wliicb the cartilage -cells were merely very finely granular 
and less transparent than the substance forming the ground on 
which they lay, and partly contained shrunken nuclei, partly were 
destitute of nuclei. The clear meshes were surrounded by hyaline 
intercellular substance. On drying the preparation wliich had 
been treated with acetic acid, small crystals were formed, in the 
form of rhombic plates, partly single, but for the most part in twos 
or threes, and lying either touching each other in the form of a 
star or crossing over each other. These disappeared again on 
addition of distilled water. 

After the separation of the closely adlierent cap from the cut 
surface of the boue, a ring of porous bony substance, about half a 
line broad, and extending also about half a line downwards, was 
found on the inner surface of the free edge of the bone {fig, 2 c). 
This was situated higher than the upper edge of the ring of bone 
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Wch was deposited on the outside. The medullarj' cavity was not 
yet quite closed by it. On making a longitudinal section of the 
bone, the medullary substance below the inside bony ring was found 
quite normal. On the outer surface of the bone ran two line strips 
of bony subst-ance, wliich became somewhat thicker os tlicy were 

^ traced upwards, beginning from about a quarter of an inch below 
the surface of the section, and ending about half a line below it, 
exactly at the level at which the bony ring on the inner surface of 
file bone commenced. 
The glenoid cavity was covered with fat iniiltrated with pus. 
Beneath this lay the cartilage, which was a little roughened and 
turbid, and thinned over a great part of the joint-surface. On 
microscopic examination it showed the appearances of softening, 
which have been before described. At one point, near the centre of 
the articular surface (fig. 3 a), the cartilage was gone, and the bone 
was perforated. The pus had passed through the opening into the 
diploic tissue of the articular process. Around the opening a layer 
of while, newly formed bony material was deposited (fig. 3 i i i). 




Explanation of Fios. i, j, and 3. 

tnerue of a rabbit, eigkleen dajs after resection of a | 
length, from its upper end. 

^g. I. Lateral Tiew of tlie humerus, 
a. New i)ouj material. 
h. Free edge of tbe section of the humerus, io a stale ( 



190 ON RKPAIR AFr£R RKSECTION OF BONES. . 

fSg. 2. Hie hnmenis seen on a longitudinal section. 
mm. Section of the new bony materiaL 
k I. Tbe rinn^ of necrosed bone. 

e. A ring of new bone deposited in the medullary cavity, which has not yet 
quite closed that cavity. 

Fig. 3. The articulating process of the scapula. 

m. The articulating surface, perforated, and deprived of ita cartilage. 
hhh. New deposits of bone. 



ExPEBiMENT II. (Tigs. 4 and 5.) 

In a fuU-grown nbbit, the head of the hnmenis was exeifled with 
a portion of the shaft ; a piece nine lines long on the whole. Tlie 
length from the point of the acromion to the point of the olecranon 
measnrrd before the operation two and a half inches. Immediatdj 
after the operation^ when the animal was qniet, the same space 
mo^ured tn-o and a quarter inches. A few honrs later measurement 
gave the former length of two and a half inches. The animal remained 
cheerful, and dragged the fore foot of the limb operated on after it, 
leaning little of its weight upon it. Towards the end of the third 
week, it ustnl this foot a little in running; and after this the useful- 
ness of the foot increased up to its death. Before the animal was 
kilUnl (fifty-four davs after the operation) the upper arm operated on 
was fvmud to be about a quarter of an inch shorter than the other. 

l>Usecfiom. — ^Tlie wound was healed except a small part, firom 
which on pressure tolerably thick, yellowish pus escaped. There 
was no swelling noticeable around the shoulder-joint. The upper 
end of the humerus was felt through the soft parts rounded off like 
a ball, and freely moveable. After the soft parts were divided, a 
newly formeil articular capsule was exposed, which passed off from 
the glenoid cavity, embraced the upper end of the humerus, and 
was inserted below its rounded end. This capsule contained a little 
pus. Its walls were on their inner surface somewhat rough, floccu- 
lent, and turbid. The muscles which surrounded the joint were 
firmly united to the outer surface of the capsule. Even at a con- 
siderable distance from the capsule, they could not be separated 
from each other. The tendon of the biceps muscle was only loosdy 
connected to the capsule, and ran on its posterior surface. The 



upper end of the resected Iramerus was seen as an irregular smooth 
ring of necrosed bone, about a line in depth (fig. 4 c, fig.5'^}. 
Below this the hemispherical swelling w-as best marked. It extended 
about an inch and a half dowu the humerus, gradually thinuiiig olf. 
It was covered bv periosteum, which was prolonged on to the mi- 
altered part of the humerus below the swelling. On the outer side 
of the bone two kinds of deposit could be distinguished. The one 
was 8now-whit«, porous, tolerably soft, began as a tlun laycTj 
gradually increasing as it was traced upwards, and lay immediately 
upon the bone. This tliin layer stretched up on one side not quite 
80 high as on the other (fig. 4 5 4, fig. 5 c c). The second kind 
of deposit was brownish -yellow (fig, 4 a, fig. j a a) ; it was 
I BJtaatcd over the substance above mentioned, and was in imme- 
1 diate connexion witli the capsule. It had not the same limits as the 
* 'material whicli was deposited immethately around the hone, and was 
strongest on the side on which that material was the weidcest. On 
tliat side it formed a cavity for adepfit of inspissated pus (fig. 5 i). 
A few roundish white masses of bone, some of them separate, some 
joined together, were scattered about in tliis deposit; and these 
}iad precisely the same properties as the material wliich lay upon 
the hone (fig. 5 li). Beneath the free surface of the section of the 
humerus the medullary cavity was filled with pus for the space of 
about a line, and below this was completely closed by a mass of 
bone about a line in thickness, which was inseparably adherent to 
the old bone {fig. 5 e). Tliis deposit was continued for a few lines 
further downwards upon the walls of the medullary cavity. On 
microscopical examination the yeUowish soft deposit and the new 
articular capsule were seen to consist of fibrous tissue; the white 
masses of normal bone. 

The articular cartilage of the glenoid cavity was turbid, of a 
yellowish-brown colour, and separated from the edges of the articular 
surface. On microscopical examination the appearances of soften- 
uig already described were seen in the superficial layers, and in 
those lying nearest to its circumference. In the deeper layers of its 
central substance it was distinguished from healthy cartilage only by 
a finely granular turbidity of the intercellular substance, by an 
increase in the size of the cells, and by a copious deposit of vesicles 
and granules of fat in them. No changes were seen in the 
scapula. 
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EXPULNATION 07 FlOS. 4 AND 5. 

Humeros of a rabbit, fifty-four days after resection of a piece, nine lines in 

length, from its upper end. 

Fig. 4. Lateral view of the humerus on which the resection was performed. 

0. Newly formed yellowish mass, composed of fibrous tissue. 

I ^. Newly formed bony material, deposited on the old bone, and dissemi- 
nated through the yellow mass of fibrous tissue in the form of separate 
granules. 

c, Riug of necrosed bone at the surface of the section of the homems. 

Fig. 5. The same humerus ; a longitudinal section havbg been made of its 
up|)er end. 
• «. The section of the yellow mass of fibrous tissue. 

1. CaTity in the latter, which was filled with inspissated pus. 

ce, lk>ny material deposited on the outer surface of the humerus. 

</. Granules of bone deposited in the yellow fibrous mass. 

f. Newly formed mass of bone within the medullary caTity, entirely dosing 

its upper portion. 
/. The necrosed ring of old bone. 



Experiment III. (Figs. 6, 7, and 8.) 

On a full-grown rabbit, the head of the humerus (fig. 6), three 
lines in thickness, was excised. A splinter obliquely broken ofif, and 
adhering to the sawn surface, was cut through with the bone-nippers. 
Tlie muscles were left covering the remainder of the shaft of the 
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humerus up to the same surface. No shortening of the limb eould 
be observed, either immediately upon the operation or afterwards. 
The aiiimal remained quite cheerful. Inflammatory swelling in the 
neighbourhood of the wound was present only for » few days after 
the operation, and disappeared when the suppuration began, by 
which the wound, which was closed at first, but opened again after- 
wards, healed. As early as fourteen days after tlie operation the 
animal ran about well, and used the leg operated upon almost as 
well as the healthy one. Il merely trailed it a little. The animal 
was killed twenty-eight days after the operation. 

DUgection. — Tlie wound was perfectly healed; the cicatrix in 
the skin was closely united to the soft parts which lay below it. The 
htunerus was tirinly attached to the scapula, but freely moveable. 
A short, thin, newly formed articular capsule {fig. % e e) had been 

'eloped, which proceeded from the edge of the glenoid carity, and 
was inserted on to the upper edge of the (hvided hunieros. The 
muscles surrouiiding the joint were firmly united with this capsule ; 
wX a short distance from the capsule they could be easily separated 
from each other ; they were firmly united to the edges of the 
Bectton of the bone tlu-ough the medium of tliis capsule. The 
tendon of the biceps muscle was uninjured, and ran on the posterior 
surface of the capsule, loosely united to it, but pretty freely move- 
able. Inside the capsule was found a serous, somewhat ropy, fliud, 
which showed under the microscope fat-vesicles of different sizes, 
small granular bodies, and epithelial cells. The inner surface of 
the capsule was smooth, and covered by a layer of pavement 
epithelium, which, together with the capsule, also covered the upper 
end of the humerus. No trace of cartilage could be discovered in 
this. On the external surface of the humerus (which was entirely 
covered by periosteum) an extremely thin layer of white, porous, 
bony substance had been deposited (fig. 7 a, fig. 8 c c), pass- 
ing downwards on one side for about two Unes, on the other for 
about six, from the surface of the section of the humerus, and 
covering the free edges of a portion of that section for a short 
distance. The medullary cavity was closed for the space of half a 
line by a firm, rather rough, plate of bouc, (fig. 8 d d), which was 
firmly united to the waDs of the medullary cavity and to the cover- 
ing across the latter, derived from the articular capsule. The 
glenoid cavity was completely covered by healthy cartilage, nor was 
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the scapula altered in any other respect. The Inngs and heart were 
healthr. 

Fig. 6. Fig. 8. 




EXPUKATIOK TO FiGB. 6, 7, AND 8. 

Frepuationa From a rabbit, twentj -eight dijs after reseotioa of the head of 
the hnmenia. 

F^. 6. Resecteii bead of the hamcrus. 
Fig. 7. Side view of the humenu. 

a. Very sparing thin lajer of new bone. 
Fig. 8. The ne<r articolu capsiJe, cut open, to which are attiched the hnmeruB, 
which has been sawn tbrough longitndinall;, and the glenoid canty, 
seen from the front. 
a. The articular surface of the scapula. 
bb. The seel ions of the liumenis. 

ec. Newlj formed bonj mitterial on the exterior of the hnmenia. 
dd. Linear portion of llie upper end of the section of the medollarj cantj, 

closed bj a nevl; formed mass of bone. 
«*. New articular CHpsulo. 



ExPBBiMENT IV. (Figs. 9, lo, J I, and la.) 

In a fuU-grown rabbit the caput humeri was excised, with a 
portion of the shaft. The piece of bone vaa altogether six linen 
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I length. The wound was united merely by twisting the haira 
on its opposite sides loosely together. The len^h of the upper 
ann before the operation measured two and a half inches from the 
tip of the acromion to the olecranon ; immediately after the opera- 
tion a shortening of four lines was discovered, wliich, however, 
had almost entirely disappeared four hours afterwards. The animal 
was at first confined in a small dark place, and did not feed, but 
sat quite still. On the second day appeared a considerable swell- 
ing, tluctuating and very painful on pressure, which occupied the 
neighbourhood of the shoulder, the whole upper arm, and the 
external and posterior sides of the forearm. The fluctuation was 
most perceptible at the back of the forearm, and a smnl! incision 
in this situation gave exit to a quantity of brownish, watery fluid. 
The wound of the operation was firmly closed. It was opened 
again, and then fluid of the same appearance flowed out from it 
also, Tlie animal was now taken into a larger, light room, and 
soon began to feed and to run about, in doing which it carried the 
leg which had been operated on drawn up to its body, and pendu- 
lous. The swelling of the limb soon disappeared completely ; the 
wound of the incision and operation healed by suppuration, the 
latter leaving a small fistulous opening, from which a little tliick 
pus continued to exude on pressure. At the end of the third 
week the animal began to put the mjured leg to the ground iu 
running, but still dragged it very much, and clearly rested very 
little of its weight upon it. Towards the end of the twelfth week 
the animal used the leg which bad been operated on almost as 
well as the sound one, and ran so quickly and nimbly that it was 
difficult to catch it, even in a small place. TJie upper arm operated 
on was two lines shorter than the sound one. The animal was 
killed eighty-four days after the operation. 

Dissection. — The wound of the ojieration was completely ci- 
catrized, except a fistulous opening. The cicatrix, as well as the 
skin on the upper arm, and in the situation of the incision in the 
forearm, was firmly united to the subjacent fascia, Tlie upper end 
of the humerus, rounded off into a club-shape {fig. gi, fig. loa), 
was united with the enlarged articular extremity of the scapula 

(fig. 9 a) by an apparently solid and very thick fibrous structure 

(fig. 9 c), to the outer surface of which the surrounding muscles 
were firmly united. This consobdation of the muscles was 

found even at some distance. The tendon of the biceps muscle. 
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which had not been injured in the operation, ran through the 
posterior portion of this fibrous structure, and was not very move- 
able in it, being pretty firmly united to that tissue. It had 
lost its pearly-wliite colour, and was dull and grayish. The fibrous 
material was attached to the whole surface of the glenoid cavity, 
which was entirely deprived of its covering of cartilage, and it 
ran down, in the form of an oval, compact mass, about four lines 
broad, to the upper end of the humerus, into the outer sur&ce of 
which it was inserted about two lines below its upper edge. The 
upjHT end of the humerus formed a hemisphere, open above, and 
lav in contact with the lower end of the fibrous mass, but was not 
united to it by its upper surface. In the club-shaped end of the 
humerus, the upper end of which thus formed a cavity, there was 
lying an irregular ring of necrosed bone, completely loose, and sur- 
rounded by a mass of new bone (fig. 12). The newly deposited 
mass of nnupact bone began as a thin layer seven lines below the 
upjHT end of the humenis, and rose up along its outer surface, 
gmdually attaining the thickness of one line, and spreading out 
into a olubJike shajx*. It was deficient at the anterior side in the 
noighlK^rhooil of the articulation corresponding to the fistulous 
o|Hn\ing. so that the necrosed bone was reached with a probe 
tUnrngU the latter. 

The surfaw of the depi>sit was studded with small tubercles, but 
was otherwise^ snux^th. On a longitudinal section itwas found to be no 
lougtT oloarlv distinguishable from the old bone, which had assumed 
a rather darker brownish hue, and gradually passed into the new. 
The fv>m\atiou of dijJoic tissue was shown in it by numerous fine 
fv^ramiua of a rinldish colour (fig. 11 a a). The medullary cavity 
of the Ikmu\ which was not closed, contained unaltered medulla up 
to about t\\o linos Ih^ow the upper end of the humerus, and 
further upwanls thick pus, covering the part of the wall of the 
old bono >ihioh was loft, and which was of a white colour and 
ap)H'art\l to W cturious (fig. 1 1 b), and also filling the ring of 
nwn^soil bono. 

Tho articular oxtromity of the scapula was also covered by a 
tolorablv firm mass of now bone, which was a white colour and 
tubon^ulatoil, extending a few Unes along the fossa supraspinata 
(tig. 9rt). 

The viscera of the rabbit were quite healthy. 
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Fig. 9. 




Fig. 10. 



Fig. II. 





Fig. 12. 




Explanation to Figs. 9, 10, 11, and 12. 

Frepantioiu from a rabbit, eighty-four days after resection of a piece, six lines 

in length, from the upper end of the humerus. 

Fig. 9. The scapula and humerus united by means of a newly formed fibrous 
material, which has been cleanly dissected. 

a. The articular extremity of the scapula, enlarged by deposit of recent 

bone. 

b. The end of the humerus, swollen out into a club-like form by a mass of 

new bone. 
e. Newly formed fibrous material. 

Fig. 10. Lateral view of the humerus. 

0. The end of the humerus operated on, enlarged into a club-shape by a 
mass of new bone. 
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Fig. II. The humerus, seen on a longitudinal section. 

a a. Newly formed bony material, in which the formation of diploic sub- 
stance is clearly shown. The medullary cavity is not closed. 
b. Remains of the old bone, in the interior of the mass of new bone, pro- 
bably carious. 

Pig. 12. Loose ring of necrosed bone, from the upper end of the humerus, 
which was freely moveable, and lay enclosed in the upper portion of 
the newly formed mass of bone in the interior of the fibrous sub- 
stance. 



Experiment V. (Figs. 13 and 14,) 

In alarge^ full-grown rabbit the caput humeri was excised with 
a portion of the shafts a piece of bone on the whole six lines in 
length. The wound was not closed in any way, but the bone 
merely thrust as deeply as possible beneath the soft parts, and 
covered over by them. Before the operation the distance from the 
point of the acromion to the olecranon measured two inches nine 
lines ; immediately after the operation the same distance measured 
only two inches four lines. On the following day no shortening 
could any longer be detected. There was a moderate amount of 
swelling around the situation of the resection, extending down to 
the elbow-joint. The animal was not again examined; it was 
cheerful, fed, and ran about with the leg hanging and drawn a little 
to the body. Towards the end of the fifth week after the operation 
contraction was noticed in the wrist- and elbow-joints, which gradu- 
ally increased to such a degree that at the end of the seventh week 
the animal, keeping the extremity adducted, trod on the point of the 
arm, which was inclined to the forearm at a ri^t angle pointing 
downwards. It leant little of its weight upon this, and trailed 
it somewhat. A little before the animal was killed, which was 
done on the fifty -second day after the operation, it was ascertained 
that there was no difference in the lengths of the two upper arms. 

Dutsec/ion. — Around the shoulder- and elbow-joints there was still 
to be felt a spherical swelling, of a soft, doughy consistence. The 
wound of the operation was closed, except a small opening, from which 
thick pus oozed on pressure. On tjie side operated on a depression 
had been formed under the skin extending downwards to the breast. 
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and so slcmg the whole belly as far as the pelvis. This was filled 
with 3 small quantity of thick, gratiiilar pus. In the situation of 
the shoulder- joint a very firm capsule had been formed, which was 
bulged oul into a rounded form below and behind, was filled with 
duck, white puSj and surrounded both the glenoid cavity and the 
iBEected end of the bone (fig. 13^, fig. 14c c). The muscles 

■otuiding the joint mere firmly consolidated with each other and 
ith this capsule, and were inserted into the resected end of the 
ame level with the capsule. The tendon of the biceps 
lie was enclosed in a fold of the posterior part of the capsule, 
loosely united to it. The inner surface of the capsule was 
Wmewhat rough and flocculeut. The pus, which had become in- 
spissated, was tolerably firmly adherent to it. On microscopical ex- 
amination, the structure of the capsule was seen to he composed of 
fibres running parallel to each other and somewhat wavy, and of 
fibre-cells. These elements crossed each other in various directions. 
Between them were scattered small, rounded, and elongated nuclei. 
The humerus was covered, from its lower end upwards to the inser- 
tion of the muscles and capsule, with a firmly adherent deposit of 
bone, which in some places resembled stalactites {fig. i^dbi, 
fig. 14 4). This was strongest a little above the lower end of the 
Iiumerus above the capsule of the elbow-joint, which joint was the 
seat of the swelling above described, and was filled with thick pus. 
The upper end of the humerus was swollen into a club-like form. 
This swelling was found priiicipally external to the new articular 
capsule. Above the swelling was seen an irregular ring of necrosed 
bone (fig. 13 e), the breadth of which averaged one line. The 
bony material deposited around the resected end of the Iiumerus 
strongest at its anterior side, and surrounded it on all sides hke 

irregular nodulated capsule. The ossification was perfect, no 
-trace of cartilage being found left anywhere. The new bony ma- 
teiial was covered partly by the periosteum, \)ait\y by the capsule, 
as far as it extended over the end of the humerus ; they were firmly 
tuiited to it, sinking into all the depressions between the individual 
nodules. The upper termination of the medullary cavity was filled 
with pus ; below this was found complet* closure of the medullary 
cavity by a bony material (fig. 13 <!}. This bone, seen on a longi- 
tadinal section, was about twice as tiiick in its posterior as iu its 
anterior half, and was situated in the medidlary cavity above the 
to which the deposit of bone reached on the outside, with its 
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lower edge exactly on the same level as the upper edge of the layer 
of bone deposited externally, and therefore corresponding to the 
ring of bone, which, viewed externally, appeared smooth and 
necrosed. Below this mass of bone the medullary cavity was filled 
with perfectly normal medulla, and was not encroached upon at any 
put. The new bony material was whiter than the old bone, toler- 
ably porous and soft, and showed under the microscope the normal 
textui^ of bone, with peculiarly large cavities. A similar deposit of 
bone had taken place around the articular process of the scapula 
and along the spine of the scapula in the upper and lower spinous 
fosisnr ;dg. 13 a da, fig. 14 a a). It was peculiarly copious at 
the upptT edge of the articular process, which was swollen out into 
a solid ball almost the size of a small cherry. In the new deposit 
wei^ seen on section numerous small and lai^ cavities of a round 
or imegular form, filled with inspissated pus. The medullary cavity 
of the anterior extremity of the scapula was quite unaltered. The 
cartilage covering the articular cavity was thinned and was entirely 
deficient at its edges ; where it was present, it was pale, turbid, and 
coveitJ with a white deposit. 

Its intercellular substance was opaque, finely granular, and of a 
yellowish tinge; the cartilage-cells were enlarged, and prolonged 
longitudinaUy, and arranged with their axes parallel to each other. 
Their contents were partly fine, round granules, which must be con- 
sidered as fat-vesicles, partly from three to five blackish nuclei, 
with tolembly defined angles, often completely filling the cell. 
They did not cliange on the addition of diluted muriatic acid, nor 
did this occasion the evolution of gas-bubbles. Between the articular 
surface of the scapula and the upper end of the humerus was 
situattHl a smooth cushion, about one line in thickness, which- was 
attacheil to the capsule and divided it into an upper and lower por- 
tion {Hg, ixH' I^* surface had the same properties as the inner 
surface of the capsule, and on microscopicfJ examination the only 
difference wliich could be made out between it and the capsule was 
that the fibrillation was less distinct, and that it contained a deposit 
of numerous amorphous, coarsely granular, masses between the fibres, 
and in interspaces formed by the crossing of the fibres. This 
api)eared to have depended on an imbibition of pus, which had be- 
come gradually inspissated. 

Between the layers of the pleura were adhesions, partly of old, 
partly of recent, standing. The heart was firmly united to the inner 
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of the pericardium by numerous long, thin bands of adhesion. 

At the upper surface of the lower lobe of the right lung there was 

fband a deposit consisting of four liard nodules, varying in size from 

RS hempseed to a pea, which on section appeared granular and of a 

rhitish-yellow colour, and consisted of inspissated pus. 




EXPLANATIOS TO FlO. IJ. 

.ion from a rabbit, flftj-two days after tlie resection n{ a piece, aiK lines 
ID length, from tlio upper end of the humerus. 

;. 13, Longitudiijal section of the humerus, the new joint formed after the 
resection, tind the anterior part of tlie scapuln, seeo from the front. 

a a a. New bony material deposited around the articular extremity of the 
scapula. 

bib. New bony material deposited on the exterior of the humerus. 

e. A ring of the upper end of the bone, necrosed. 

d. A mass of new boce formed in the medullar; cavity, and entirely 

closing it. 
ee. Newly formed articular capsule. 

f. So-called "meniscus" in the articular capsule. 
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Fig. 14. 




Explanation to Fig. 14. 

Fig. 14. The same preparation, seen from behind. 

a a. Deposit of new bone, in the form of stalactites^ on the articular 

extremity of the scapula. 
bh. K precisely similar deposit along the whole of the humerus. 
ce. The new aiticular capsule. 



Experiment VI. (Figs. 15 and 16.) 

In a small rabbity not full-growu^ the right caput humeri was ex- 
cised, with a portion of the shaft, a piece on the whole five lines in 
length. The wound was not united in any way, the resected bone 
merely thrust under the soft parts. I forgot to take the measure- 
ments of the extremity. Three days after the operation a very small 
obscurely fluctuating swelling presented itself near the situation of 
the resection; the resected end of the humerus had come out 
between the edges of the wound for a distance of some lines, and 
was replaced. The animal was cheerful, and ran about with its 
forearm drawn in towards its body. Three days later the wound 
was suppurating; the swelling around the neighbourhood of the 
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joint had diminished, and become pulpy in consistence ; the upper 
end of the humerus again projected between the edges of the 
wound for about three lines ; it was covered with glutinous exuda- 
tion, and of a pale-brownish colour; it was not replaced. The 
animal continued cheerful ; the wound closed in around the pro- 
jecting end of the bone; on pressing on the situation of the joint 
some rather thick pus still appeared by the side of the bone. This 
iras the state of things when the animal was killed, on the fifty-sixth 
day after the operation. A short time before this it was running 
about nimbly, it supported itself, however, but little on the end of the 
1^ operated upon, and carried it for the most part pendulous, drawn 
up against the trunk. 

DUsectioH. — ^The humerus was displaced to a great extent froiu 
below and behind, upwards and forwards; between it and the sca- 
pula, a firm but moveable union had been effected. The upper end of 
the humerus was necrosed to the extent of four lines (fig. 15 3, 
fig. 16 a); below tliis, but separated from it by a well-marked 
line of demarcation, a white and nioderatelv firm mass of bone was 
formed on the humerus, both on its exterior and in the medullary 
cavity. The old bone, which had assumed a brownish hue, was 
lost in this mass of new bone, so as not to be everywliere dearly 
recognisable (fig. JScc). The new bony material did not entirely 
dose the medullary cavity {i^dd). It passed on the posterior 
surface of the humerus into a process a quarter of an inch in length, 
curved from behind forwards, like a bird's beak, and somewhat 
nodulated (fig. 15 tf, fig. 16 b), which rested with its point against 
the articular surface of the scapula. This was surrounded by a 
layer of strong fibrous tissue (fig. 15//), intimately united to it. 
The latter extended from the point of tlie process over the whole of 
the glenoid cavity, which had lost its cartilage, and terminated on 
the edge of that cavity. The muscles surrounding the shoulder- 
joint were consolidated, not only to each other, but especially, and 
more firmly, to this fibrous tissue. Their arrangement was the natural 
one, but they were shortened, and those which ran on the anterior 
and inner side of the humerus were thrust somewhat backwards, 
cotresponding to the displacement of the humerus. Tlie tendon of 
the biceps muscle had been preserved, and ran (as did the upper end 
of the muscle) on the hinder surface of the beak-like process. Up 
to the point where this process came off, the bone was covered by 
the natural periosteum, but that membrane could not be followed 
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further. Around the articular extremity of the scapula ' 
deposit of white, nodulated, newlf-formed bone (fig- 15 ")• 
The viscera were healthj. 




Fig. 16. 




Eituhation to Fios. 15 axd 16. 

Prepuation from a rabbit, Grtf -six dajs afler resection of ■ piem of the upper 

end of the humerus, five lines in length. 

Fig. 15. Scnpula, with the resected humerus attached to it. A longitndinal 
section has been made of tlie latter. 

R. Tlie articolar extremitj of the scapula, enlarged b; the depoiit of new 
bone. 

6. A portion of the hnmenu, which was necrosed and pnqected out of the 
wound. 

e c. Remains of the old bone, which pass imperceptibl; into— 

dd. The newly formed bony material. 

e. A nevrly fonned bony process, which passes oS from the posterior aide 
of the humerus, and rests aj^aiiist the articular surface of the acapnia. 

f/. Fibrous tissue, surrouDdinK the bony process in a solid mass, at- 
tached to the articolar surface of the scapula, and maintaining a more- 
abte union. 
Fig. 16. The humerus, seen fiom behind. 

0. Necrosed extremity of the humerus. 

6. Bony process to the articular surface of the scapnia. 
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EsjERiuEST Vn, (Tigs. 17, 



19, and 10.) 



I 



On a fuU-grown pigeon a piece of the upper end of the humerus, 
I nine lines in breadth and five in length, was resected (fig. 17). At 
the operation the injury of the air-cavities was accompanied by a 
well-marked hissing from the wound and the escape from it of 
frothy blood. The wound was not united, bat the wings were tied 
firmly together. The animal remained cheerful, ran about, and fed. 
As soon as the second day after the operation the wound was closed 
by a firmly adherent dry clot of blood. The swelling in its 
neighbourhood was very inconsiderable. Suppuration was not 
clearly perceptible after this, but a thin, yellowiah accretion poured 
out in small quantity from under the coagulum on pressure. The 
coagulum having separated and been removed at the end of the 
.third week, the wound below it was found closed by a fine hnear 
cicatrix. When I threw the bird into the air at about this time 
it fluttered and moved the wing operated on a little, but soon 
fell to the ground, and then let the injured wing hang loosely 
down. It was killed on the forty-sixth day aft^r the operation. 

DUaeclion. — Immediately on opening the cicatrix a tliin mem- 
branous capsule was exposed, which was unit«d with it (fig. 18a), 
and which was inserted into the clubbed extremity of the os humeri 
attaching it to the scapula and eoracoid bone. On these bones the 
capsule covered not only the articular surface, which was completely 
denuded of cartilage, but also the surrounding muscles to a great 
distance, so that these muscles were inserted on to the posterior sur- 
fece of the capsule. On the anterior part of the inner surface of the 
capsule were inserted the ends of the muscles proceeding from the 
arch of the shoulder (fig. 18 rf), which had been cut across in the 
operatioUj as well as the upper end of the triceps muscle. The 
anterior surface of the capsule was not covered by muscles. Tlie 
interior of the capsule was villous and reddish ; its texture had the 
characters of fibrous tissue on microscopical examination. A 
lather thin fluid filled its cavity. 

The upper end of the humerus showed a deposit of new bone on 
its exterior (fig, 19, and fig. 30a), beginning five lines below the 
upper end of the bone, and becoming gradually thicker towards the 
upper part. It was of a reddish-brown colour, very firm, and 
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! onded in a, rounded mat* of bone of m 6erp-jiJkm c 
InppM over the frer inrface of tbc sectioB of the h 
I dill not rntirrlj' cover tlic medullary cartitj, i 

drit<d, rcdiliNli-lirown, vKvy lianl substance, the remins of s dot of 
I blond connected willi tlic medullary eavi^. There wn depont of 
I m-w hi>nn un tlie interior of the huineras abo, begmmiig on the 
. wmii level an that on the exterior (fig. 20&1S). This did not 
ontirvlj' dotto the iniidullnry cavity at any point. It ended at the 
cut fdHt* of thu huincru8 beneath the deep-yellow mas of bone 
Jimt iiiontioncd, and was of a reddish-brown colour and great 
■liliility. Tlic two iiuwHca of newly-formed bone adhered firmly 
and iiiiir|>iirulily to thr humerus, which still was clearly recognisable 
UrtHi'rn ihmn (llg. zocc). They displayed all the characters of 
tmlurul buny tiHuo on microscopical examination. In the deep- 
yellnw luiuM the ultimate tissue of the bone liad a yellow hue, 
olherwiM^ tlii» Bwetling was not to be distinguished from the rest of 
th« di'piMit. 'Hio bmchiuliK muscle cut across covered the anterior 
atirfnce of the elubl>cd en<l of the Immerus, and waa inserted with 
ll>e frnpiido on to the upper surface of that bone. There waa no 
ult^Tatiiin ill tliP hones of tlie arch of the shoulder. The viscera 
WiTO lirultliy. 
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EXFLAITATION TO FlOS. 17, l8, Ip, AND 20. 

Prepmikm from a pigeon, forty-six days after resection of a piece of the upper 
end of the humerus, nine lines in breadth by five in length. 

"Fig, 17. The excised upper end of the humerus, with the openings of the air- 
cavities. 

Fig. 18. 

a a. The newly formed capsule, slit open and denuded of muscles in front. 
b. The upper end of the humerus, rounded off into a club-sbape, to which 

the new articular capsule is inserted. 
e. The triceps muscle. 
d. The brachialis muscle. Both these are inserted by their upper, cut, 

extremities into the new articular capsule. 
tf. The cut ends of the muscles proceeding from the scapula and the cora- 

coid bone, which are inserted into the new articular capsule. 
y! Fibrous tissue, constituting a part of the new articular capsule, whicli 

covers the articular surface, deprived of its cartilage, and the bone in 

its neighbourhood. 

Fig. 19. A lateral view of the resected humerus, rounded off into a dub-shape. 
a. The new bony materiaL 

Fig. 20. A longitudinal section of the same humerus. 

a a, A mass of new bone, deposited on the exterior of the bone. It laps 

over the level of the section, but does not entirely close the medullary 

cavity. 
66, A mass of new bone deposited in the medullary cavity, which also 

does not completely close it. 
e c. The unaltered old bone. 



ExPEBiMENT Vm. (Pigs. 21, 23, and 23.) 

On a full-grown rabbit the caput humeri and a portion of the 
shaft, forming together a piece eleven lines in length, were excised 
(fig. 23). A few pointed fragments which had been left on the 
section of the bone were cut off with the bone-nippers. The length 
of the anterior extremity, from the point of the acromion to the 
olecranon^ measured before the operation two and half inches. 
After the operation, when the animal was quiet, the same distance 
measured two inches. The wound was united by the interrupted 
suture. The animal dragged its leg after it, but was cheerful. 

Duripg the first six weeks it was kept confined in a small, dark 
room, and sat quiet, feeding well. It was then taken into a large. 
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light room^ and soon became lively^ and ran about with the fore- 
leg drawn up against the body. As early as the fourth day after 
the operation a doughy swellings of very considerable size, was 
found in the neighbourhood of the resected parts. As this in- 
creased in size continuously during the next two days, the sutures 
were removed, and the adherent edges of the wound partially 
separated again. A tolerably large quantity of brownish, watery 
fluid, and a rather thick, yellow pus, flowed out upon this being 
done. The space between the acromion and the olecranon could 
not be accurately measured, on account of the size of the swelling. 
The animal was not again examined immediately after this. At the 
end of the fourteenth week I felt around the neighbourhood of 
the shoulder-joint a doughy but solid swelling, composed of several 
smaller spherical portions. The wound was firmly cicatrized. 
Passive motion of the shoulder-joint was quite free, and I believed 
myself able to feel a new caput humeri through the soft parts. 
The animal ran nimbly, but carried the fore-leg more frequently 
than it supported itself on it. The latter was the case in quiet 
running ; but if it were chased, it drew the leg up, and made use 
oidy of the three other legs. The rabbit was killed on the hun* 
dred-and-ninth day after the operation. 

Di^ecfioti. — ^The skin in the neighbourhood of the cicatrix and 
on the whole upper arm was firmly united to the soft parts below it. 
The muscles also in the neighbourhood of the joint were equally 
firmly united to each other and to a new and strong articular cap- 
sule, which was pouched out above into two hard, spherical swellings. 
One of these (fig. 21 /T) was united firmly to the articular surface of 
the scapula, which was swollen up to the size of a cherry, and 
denuded of its cartilaginous covering. The strong fibrous covering 
of this swelling was continued into a second swelling, lying farther 
forward (fig. 21 d), and into the articular capsule. The con- 
tents, composed of inspissated and dried pus, passed through an 
o^Huiing about the size of a pin's head in the articular surface 
of the scapula into the diploic substance of that bone. The pus 
contained in it was enclosed in a tolerably firm bony capsule, com- 
posed of the compact substance of the bone spread out (fig. 
21 fl). This bony capsule was again connected with another 
swelling, surrounded by a thick capsule of fibrous tissue, containing 
also inspissated pus, on the posterior and upper edge .of the 
scapula (fig. 2irf")- The prominence situated furthest forward 
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(fig. 2 1 a) was connected with the capsule itself by an openiiig the 
size of a millet seed, and tliis capsnle was also fiill of rather Ihick, 
viiscid pus. It was firmly inserted into the humerus on the healthy 
bone below its upper, clubbed extremity (lig. 21 bi). The inner 
surface of the capsule, as well as that of the pouches, was rough, 
opaque, and covered with pus. Its structure was that of fibrous 
tissue. The tendon of the biceps muscle arose from the upper 
and innex border of the glenoid cavity, and ran, in pretty firm 
adhesion with the fibrous tissue round the joint, at first in the grooves 
between tlie spherical pouches {tig. 21 d'd), and then on the edge 
separating the anterior and posterior aspects of the pouch situated 
furthest forward (fig, 21 d], down to the humerus. The somewhat 
thickened periosteum which covered the part of the humerus 
situated beneath the insertion of the capsule was continuous with the 
capsule, and poased over the club-shaped end of the humerus, which 
was situated within it (fig. 21 c). The latter was covered on its 
upper surface with a thin, opaque, yellowish layer of cellular tissue, 
and was freely moveable in the capsule. On the exterior of the 
bone there was a deposit of newly formed bony material, which was 
whitf, porous, and tolerably firm ; it began five lines below the upper 
end, became a little thicker above, spread out into a club-shape, and 
closed the medullary cavity above with a thin, irregular lamella 
(tig. 22 i>b). On a longitudinal section a slight deposit of bone 
■.Wis visible also on the interior of the humerus ; but in tiiis, as in 
B'fite external deposit, the formation of dijiloic tissue had made very 
^reat progress (fig. 22). The bony material of the humems whicli 
remained was quite rough, and pierced with numerous minute 
openings. It seemed to be in process of absorption (fig. 22 a a). 
The whole cavity of the bone was filled (vith healthy medulla, wliich 
appeared rather paler at the upper than at the lower part of the 
medullary cavity. On the articular process of the scapula, along the 
Sosaa> supraspinata, and close to the spine along the fossa iufra- 
lata, there was a deposit of white, porous, nodulated new bone 
;. 21 a a). 
e pleura costalis was united with the pleura pulmonalis for a 
K^ieat distance, and the pericardium with the heart. Otherwise the 
a were healthy. 
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Fig. 2t. 




Explanation to Figs, ai, aa. and 33. 

Preparation from n rabbit, one hnodrcd nnd nine days after resection of n [uece 
of the upiwr end of the hnmcruB, eleven lines in length. 

Pig. ai. The scapula, new articular cnpsole, and hnmerna, connected together. 
a a. The scapula, through which a section baa been carried. It is enlarged 

by deposit of new bone. Tlie spherical, expanded, articulsr eitreroitj 

fonncd a bonj capsule containing inspissated pus. 
i b. New articular capsule, cot open and spread out. 
c. Club-shaped upper end of the humerus. 
d i d". £' Lcjsted abscesses in the neighbourhood of the new joint. 
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The bamenis, seen on [ongitudiQal section. 
a a a. Remains of tlic old bone. 

bbb. k mass of newl;f formed bone deposited in the exterior and interior, 
a fine lamella of wjiicii entirelj closes the medullar; cavit; of the 
booe. Tlie fomialiou of diploic tissue la it its advauced. 
Fig. 33. Portion of tlie huinenw removed. 



ExPEniMBNT IX, {Figs. 24, 35, 26, and 27.) 



In a large, full-grown rabbit, tlie riglit caput humeri was excised 
with a portion of the shaft, a piece, on the whole, nine lines in length 
(fig. 25). The wound waa closed by twisting the hairs loosely 
together, after the bone operated on had been thrust as deeply as 
possible under the soft parts. The length of the upper arm from 
the point of the acromion to the tip of the olecranon measured 
before the operation two inches, nine lines ; and immediately after it, 
when the animal was quiet, in the sitting posture, two inches three 
lines. The animal was cheerful ; it dragged the extremity on the 
ground slightly in running. Four hours after the operation, the 
distance between the points named measured two inches seven 
lines. On the second day a tolerably large and slightly fluctnating 
swelling showed itself in the neighbourhood of the wound of the 
resection. Pressure on this caused the discharge of some brown- 
coloured, watery fluid out of the wound, which was open. This 
<Iischarge, to judge by the moisture and matting together of the 
hairs on the leg operated on, was continuous. On tlie twentieth 
day after the operation, the length of the upper arm measured two 
inches seven lines. Tliere was a constant discharge of tliick, laud- 
able pus from the wound. The animal was cheerful. In running, 
it supported itself a little upon the leg, which still, however, trailed a 
little ; if it was chased, it drew the leg up to the body, and ran on 
three legs, Wlien I next examined the animal, at the eud of the 
twelfth week, the wound was firmly cicatrized, and no trace of 
swelling remained around it. I thought that I could feel plainly a 
new articular head, through the soft parts, Tliis was firmly united 
to the scapula, but moved with perfect freedom. The length of the 
upper arm measured two inches four lines, wliile the healthy one 
measured from the acromion to the olecranon two inches nine lines. 
Hie snjmal ran perfectly well^ and both in quiet motion and when 
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chased used the fore-leg operated on as much as the uninjured oue. 
This ammal was killed on the ninetv-iirst day after the operation. 

Dutection. — ^Tbe cicatrix was united to an articular capsule lying 
beneath it. This came off from the edges of the glenoid cavity, and 
was inserted about three lines below the upper extremity of the 
humerus, which was expanded into a something of a club-shape. 
The capsule was perfectly closed. The muscles surrounding the 
situation of the joint were firmly unitt'd to the outer surface of the 
capsule, wliile at a little distance from it they were readily separable 
from each other. Over the anterior surface of the capsule the thin 
remains of the deltoid musclt; were to be traced (fig. 24 6), and 
they had a conunon insertion, together with the capsule, into the 
humerus. The anterior and upper part of the triceps muscle, which 
lay nearest to the bone (fig. 24 g), and the upper end of the short 
head of the biceps (fig. 24 &), were firmly inserted into the bone 
together with the lower and anterior edge of the capsule. The 
tendon of the long head of the biceps muscle (fig, 24 d) ran in a 
fold of the capsule, which was smooth on its interior, and situated 
on the posterior surface of the latter (fig. 24 c), between two 
tubercles on the clubbed extremity of the humerus, which was 
enclosed in the capsule (fig. 34 e). ll was quite freely moveable. 
The interior of the capsule was smooth, and its walls were covered 
with a layer of pavement epithelium. I failed to discover any 
epithelium on the fold of capsule for the reception of the long 
tendon of the biceps. In the capsule was contained a rather thin, 
ropy, reddish-yellow fluid, which showed under the microscope epi- 
thelial cells, fat-vesicles, and dark, granular bodies. (Q)'. shrunken 
blood-corpuscles ?) The cartilaginous covering of the glenoid 
cavity remained entire, nor was there any other alteration percep- 
tible on the scapula. Tlie humerus was covered with healthy 
periosteum, thickened over its upper extremity, which appeared to 
be connected with the capsule at its insertions, and was continued 
into the capsule over the portion of the humerus which was 
enclosed in it. The upper surface of the bone was covered by a 
tliin layer of cellular tissue, which passed over at the edges into the 
periosteum. This cellular tissue was more opaque and not so smooth 
as the inner surface of the lateral walls of the capsule, and not 
covered with epithelium. Underneath the periosteum a layer of new 
bony material was deposited (fig. 26 a, fig. 27 a a), which was hardly 
distinguishable from the origiual bone, and which was thin at its 
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commeiioeineiil, and became thicker in proeceding from below up- 
wards. It closed the upper end of the medullary cavity per- 
fectl)-, with a tliin lamella. The walla of the remainder of the old 
ine, as might be seen on section, passed gradually into this 
iterial, and were indistinguishable from it, as was also a deposit 
bone on the walls of the medullary cavity. A tliin layer of com- 
pact tissue surrounded the internal layer of tlie new bony material, 
which was developed into fully formed diploe. The whole of the 
metlullary cavity was tilled up with medulla, which was perfectly 
>Tmal. 
The viscera of the animal were healtUv. 




tEXFLiNlTION TO FlQS. I4, 25, a6, AND 37. 
PrepuotioQ from a mbbit, ninety.one daja after resection oF a piece of tbe 
upper end of LLe l.umenis, oine lines in lengtli. 

Tig. 34. Newlj fornii^d Eboiildcr-joint, with ita muscles. 
a. Scapula. 

6. Newlj formed orticulwr Capsule, over whioh pass the reiiinins of llie 
deltoid moscle. 
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Fig. 24—'«mtinMed, 

e, A fold of the capsule cut open, in which runs— 

d, Hio long tendon of the biceps muscle. 

e. New tubercle on the humerus. 
/. Humerus. 

ff. The triceps muscle, partly with its natural insertion, partly attached to 

the humerus, together with the new capsule. 
i. Short head of the biceps muscle, inserted, by its upper divided end, 

together with the new capsule into the humerus. 



Fig. 35. 




Fig. 36. 




Fig. 27. 




Fig. 35. Excised portion of the humerus. 

Fig. 36. Side view of the humerus. 
a a. New bony material on it. 

Fig. 37. A longitudinal section of the humerus. 

a a. New bony material. The extremity of the old bone has disi^peared. 
The diploic tissue is fully formed. 



II. Resection from the substance of bones. 

Experiment X. (Fig. 28.) 

In a full-grown pigeon, a piece four lines in length was excised 
from the shaft of the radius, the periosteum being spared as mnch 
as possible. The wound was not united, the wings were bound 
firmly together, and supported by the trunk. The bird remained 



ran about, and fed. On the second day after the opera- 
■tMm the ffoand was closed by a firm dry, blackish -brown coagulum. 
A slight swelling existed in the neighbourhood of the wound. The 
Bniinal waa killed nine days aft^r the operation. 

Ifuiection. — The wound was covered by firmly dried blood clot, 
which could be removed from it witli toh-rable ease. Under tliis 
the wound was fonnd healed, except a small cleft, through which 
the clot extended down to the deeper parts. Around the situation 
of the resection was fonnd a swelling of an oval shape, with its long 
axis in the direction of the limb, and of a tolerably firm consistence. 
The divided enda of the bones might still be moved a httlo from 
side to side. The skin in the neighbourhood uf the wound was 
firmly united to the muscles which lay below it, and these to each 
I other at the situation of the resection, and to the swelling wliich 
wwoa situated below them. After they Imd been dissected ofl", the cut 
[Aida of the bone were seen surrounded by a yellowish- white, flexible 
mateiial, which united them together. 

On a longitudinal section of the bone the following was observed. 
About three lines above the section of the upper end of the bone 
there began in the medullary cavity, on botli sides of it, a very 
iflelicate layer of wliite, bony substance (ee), which in proceeding 
to its cut extremity, became gradually somewhat wider, turned 
round the free edge of the bone, and being rounded off at its 
anterior end, was continuous with a similar layer of white bone, 
which, commencing a little nearer the divided end, ran on the 
exterior of the bone {5 fi). On the lower end of the bone the 
||tate of parts was much the same, except that the new bony 
iterial was deficient on one side of its exterior, while the bony 
deposit in the medullary cavity closed it completely (e). Almost 
at the same level with the exterual deposits of hone there arose on 
each side of the two ends of the bone four bluish-white swellings 
(c e), which became thicker in proceeding towards the surfaces of the 
sections. They overlapped these surfaces considerably, and almost 
touched each other, two ou each side, by tlieir free edges, which 
were rounded off in front. Enclosed among these swellings lay a 
rellowish-brown, slimnkeu coagidum (/'), corresponding in tliick- 
to the medullary cavity, and loosely connected to it, as well as 
the parts wliich surrounded it. This blood-clot was continuous 
ith that wliich covered the wound, through a narrow fissure 
:d through the whole swelling around the ends of the bone 
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the side looking towards the wound; Again^ on the same level 
with the other deposits there was a capsule composed of yellowish- 
red and tolerably soft substance {d d), which formed the outer 
layer of the whole swelling, and in the interval between the free 
ends of the above-mentioned bluish-white enlargements passed in 
to touch the clot in the centre. The periosteum over both ends of 
the bone was finely injected for some distance towards each joint, 
and passed over on to the swelling around the ends of the bone. On 
microscopic examination, the white bony deposit showed the pro- 
perties of fully formed normal bone, and the substance of the 
bluish-white enlargements those of young cartilage. In the hyaline 
intercellular substance of the cartilage, nuclei were found lying very 
close together, and partly surrounded by a cell-wall. The yellowish- 
red substance which enclosed both of these consisted on its surface 
of newly formed fibrous tissue, with fibres and fibre-cells running in 
parallel directions ; in the deeper layers, nearer the centre, there 
were elongated nuclei and spindle-shaped cells also arranged chiefly 
in a parallel direction to the long axis of the bone. Between them 
cartilage-cells were again found scattered, and were present in 
greater numbers in several places, aggregated into small round 
masses, surrounded by the new-formed cdlular tissue. 

EXPIANATION TO FlO. 38. 

Longitudinal section of the radius of a pigeon, nine days after the resection of 

a piece, four lines in length, from its shaft. 



Fig. 28. 




aaaa. The remains of the old bone. 

bbb. New bony material deposited on its exterior. 

ce. K callus of newly formed cartilage. 

dd. Yellow softer mass, consisting of young fibrous 

tissue. 
eee. Bony material formed in the medullary cavity. 
/. Dried blood-clot (substantia intermedia). 
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ExPEnisiEjrr XI. (Fig. 29.) 



In a fult-grown pigeon, a piece four Unca in lengtli was excised 
out of the substance of the radius, the periosteum being spared as 
mucb as possible. Tiie wound was not united. l"he wings were 
firmly bound together, and supported by the trunk. The bird 
remained cheerful, ran about, and fed. On the third day the wound 
was found closed by a black, dry, and firmly adherent coagulum of 
blood. In the neighbourhood of the wound I found a well-marked, 
club-shaped, solid swelling, llie animal was killed on the 
thirteenth day after the operation. 

SitsectioH. — The dried blood-clot was pretty firmly adherent to 
the wound. When this was drawn away there came into sight 
with it a yellower and softer portion of the clot, which was pro- 
longed tlirough the wound into the interior of the swelling, and a 
small quantity of thin, yellow fluid escaped. The wound was healed 
at its extremities. Tlie spindle-shaped swelling on the bones was 
almost an inch in length. The cut ends of the bones were slightly 
moveable from aide to side. The skin in the immediat* neighbour- 
hood of the wound was closely united to the muscles below it, and 
these to each other and to the material which formed the swelling. 
When they had been removed, the yellow, flexible material wldch 
enclosed the ends of the bone came into view. At the place corre- 
sponding to the wound in the skin this capsule was open, and by 
pressing the edges of the cleft away from each other the free end 
of the lower piece of bone (i) could be seen at the bottom. 

The following was observed on a longitudinal section 1 On the 
exterior of the up|)er piece of bone, and on the surface turned 
towards the wound {which I shall call the upper surface), about 
three lines from the surface of the section, and upon the surface 
turned away from the wound (which I ahall call the under), was 
deposited a bony swelling (0 c), commencing thin and gradually 
becoming tlucker as it approached the divided extremity. This 
extended on the upper surface not quite to the section of the bone, 
wliile on tlie imder surface it passed a little beyond it. There were 
two thin lamellffi of bone {g) in its interior, beginning on a level 
with the external deposit on the under surface, which completely 
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1 closed the medullary cavity at the free end of the bone. Dark- 
coloured, coagulated blood lay between these two in the medullary 

I cavity of the bone. In the same way there were on the lowt-r end 
of the bone two lamelltc of bone (<.■ c), which began at the same 
levelj and were thin at their commencement and became groilually 
thicker. The one wliich was situated on the upper surface adhered 
firmly to the bone, and terminated in a rounded end about two 
lines from tlie surface of the section. Tliat which lay upon the 
under surface adhered firmly to Ihc bone up to a certain level, like 
the one above described ; it then left it, and ran making a curve out- 
wards imbedded in a yellow, soft material, to a point ralher beyond 
the level of the cut end of the bone. T!ie medullary cavity was 
completely closed by a mass of white bone from the commencement 
of the bony swelling deposited on the outside down to about two 
lines below the free end of the bone {g). On the bony swellings, 
wluch were deposited externally on the ujjper end of the bone, and 
on the bony material which lay on the under surface of the lower 
end of the bone, there were found three bluish-white swellings 
[d d d), which arose at the same level, and became thicker towards 
the section of the bone. These terminated in rounded extremities 
at the same level with the bony deposits. The lower cut end of the 
radiua was deprived of its periosteum for the esteut of about two 
lines, and was smooth and white, and project^id into the mat«iial 
wliich we are just about to describe (i). Its medullary cavity was 
filled with dried blood-clot, a small remnant of wliicU stretched up 

■ to the upper cut end corresponding in breadth to that of the 
medullary cavity {/). A yellowish-red soft material (e e) origina- 
ting at the same level with the deposits on tlie exterior of the bone, 
formed the whole remaining part of the swelling, enclosing the 
parts above described, and insinuating itself between the bony 
material on the outer and lower side of the lower cut end and its 

I necrosed portion. Tlie periosteum was finely injected on both 
ends of the bone nearly to the epiphyses, and passed over on to 
the swelling, but could not be followed for upon it. 
Tlie new bony swellings showed on microscopical examination the 
Btructure of normal bone, with very dark, finely graaukr, basic aub- 
stance, and few medullary spaces. The bluish-while swellings had 
the properties of newly formed cartilage. Its nuclei were for the 
most part nucleolated, some of them partly sorroimded by a very 
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delicate cell-membrane, which enclosed them closely, and they lay very 
closely aggregated in a hyaline intercellular substance, which was 
relatively to them in very small quantity. The yellowiah-red sub- 
stance consisted on its surface of delicate fibres, running iu parallel 
directions, in wluch longitudinal nuclei were scattered. In the 
deeper layers the fibres were in smaller quantity, and were replaced 
by spindle-shaped bodies, rounded cells, and longitudinal darker 
nuclei. Cartilage-cells were scattered about in it, partly separate, 
partly aggregated into small heaps. 

ExPLiNiTIOS TO Fio. 39. 

LongituJiDol section of the radios of & pigeon, on the tliirteenth daj after the 
resection of a piece, four linei ia length, out of its shaft. 



aaaa. Tbo remains of the hooe. 

6. Aoecraaed portioo of it, not cut Ihrougliin m^iiig 
the section. 

eece. New boii; material, deposited outside. 

ddd. New cnrtilaginoua deposits. 

tf. Yellow soft mass, coosisting of jouDg cellular 
lisaue, passing ia between the lower booj deposit 
DQ the right side and tlie necrosed bone. 
/. Dried blood clot (substantia iutermedia). 

gg. New bon; material formed iu the medullarj 



EXPBHIMENT STI. (Fig. 30.} 

In a full-grown pigeon, a piece four lines in length was excised 
out of the shaft of the radius, the periosteum being spared aa 
much as possible. The wound was not united, but the wings 
bound firmly together. The bird remained cheerfid. On the 
third day after the operation the wound was found closed by firmly 
adherent congulom, of a blackish hue. A few days later a Epiudle- 
shaped, hard swelling could be felt at the situation of the resection. 
On the twelfth day the bandage which kept the wings together was 
removed. The bird moved the wing, but did not fly. Tlie swell- 
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iiig persisted. The wings were again tied together. On the twenty- 
first day the awelliiig had materially diminished, the ends of 
the bone were still moveable, but the bird could fly. Tlie wiugs 
were again tied together. On the thirty-fourth day after tlie opera- 
tion the bird was killed. 

Diaaeetion. — ^The wound in the skin was closed by a delicate 
cicatrix ; there vas no swelling in the wing. Tlie resected ends of 
the radius could be felt through the skin, thickened, and slightly 
tuberculated, with an interval between thorn. Each end of the 
bone could be moved pretty freely. Tlie muscles, which in the 
neighbourhood of the rejection were united together, were dis- 
sected from each other, and removed from the ends of the boue, 
which were swollen and tuberculated. The latter were then found 
to be covered up to the surfaces of the sections with periosteum, 
which towards the ends was somewhat thickened. Between the 
ends of the bone it passed over into a ligamentous material. Under- 
neath the periosteum there were found numerous irregular, small 
deposits of new bony material {bb). They were rough on their 
«pper suri'ace, very porous, and vascular ; situated, over the upper 
end of the bone, only in the immediate neighbourhood of the cut 
surface ; over the lower end, along the whole length of the bone. 
Their union with the bone was intimate, and its surface below 
them was also tliinned, rough, and containing numerous vascular 
puncta. On a longitudinal section of the bone the medullary cavity 
at each end was seen to he closed by new bony substance for about 
atliirdof its length (S). The latter was porous, of a deep-red colour, 
which distinguished it from the wall of the old bone and from the 
external deposit. This external deposit, which was in the greatest 
quantity nearest the section, and diminished gradually, extended 
about as far as the bony material in the medullary carity. It was 
continued over the wall of the bone and the internal deposit, and 
thus helped to close the medullary cavity. On its surface the 
fibrous material was deposited. At the points nearer to the joint 
ends of the bone, where deposits of bone were found estemally, 
the medullary cavity was not trenched upon. 

In the ligamentous tissue {e) between the ends of the bones, 
small wliitish bodies, about the size of n pin's head, were found. 
The chief part of the uniting substance consisted of fibres of fibrous 
-tisiiue, with very pale outline and wavy, parallel course, between 
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which were scattered spindle-shaped cells and fibre-cells. Corre- 
sponding to the small white bodies the section of the mass was 
opaque^ and small pieces of those bodies started out on its being cut 
into. Here a finely granular deposit was founds in an irregular, but 
tolerably circular extent, between the fibres, which had become very 
obscurely marked, and small, longitudinal bone-corpuscles, with 
radiating processes, lay within it. On the addition of dilute muri- 
atic acid the fibres became very pale, external to the dark spots, 
and gradually disappeared. At the situation of these dark spots a 
strong development of air-bubbles occurred; the dark bone-cor- 
puscles, with their processes, disappeared, the whole mass became 
homogeneous, and clearly transparent; round and longitudinal 
nuclei showed themselves in it, arranged longitudinally. In the 
situation of the former dark spots, which continued somewhat 
opaque, they were darker than in the rest of the mass. 



Explanation to Fig. 30. 

Lougitadinal section of the radius of a pigeon, thirty-fonr days after the 
excision of a piece, four lines in length, out of its shaft. 

Fig. 30. 



aaaa* The remains of the bone. 

b b» New bony material, covering the ends of the 
bone, and completely closing the upper por- 
tion of the medullary cavity. 

c. Fibrous material, with bony nuclei scattered 
through it (the latter are shown diagram- 
matically). 




Experiment XIII. (Fig. 31.) 

In a rabbit, which was not quite full grown, a piece seven lines in 
length was excised out of the shaft of the radius, the periosteum 
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g spared as much as possible. The wound was brought together 
with antures, ITie animal ran about after the operation with the leg 
drawn up, without supporting itself upou it. On the second day a 
I considerable flnctnating swelling was found along the whole forearm, 
largest in the neighbourhood of the wound, which was firmly closed. 
Up to the fourth day the swelling continued to increase. The 
animal sat still, and would not feed. The sutures were removed 
■nd the wound reopened, on which a quantity of brownish, serous 
fluid escaped, and might be pressed out by stroking the limb. On 
this the swelling disappeared almost entirely. On the ninth day the 
animal had become cheerful again, and fed. The wound was sup- 
purating healtliily. At the end of the third week the wonnd was 
firmly healed, and there was no swelling in its neiglibonrhood. A 
email interval could still be felt between the cat ends of the bouc. 
Tlie animal used the leg operated ou as well as the other. It was 
killed on the eighty-fourth day after the operation. 

Dmection. — Under the cicatrix a small depression could be felt 
between the ends of the radius. The latt«r were somewhat tuber- 
cular, and immoveable. The cicatrix was firmly united to the sub- 
jacent fascia, and the latter to the muscles in the neighbourhood of 
the resection. The muscles were readily separahlc from each other, 
they embraced firmly the tuberculated cut ends of the radius, 
and dipped down into the depression between them. Tiie ends of 
the radius were pointed by a deposit of new bone, which was wliite, 
porous, and irregularly jagged (ce). It replaced the loss of sub- 
stance almost entirely for the length of about four lines at the 
lower and about two at the upper end. The medullary ca\'ity was 
perfectly closed at both sections. Tlie irregular cleft between the 
ends of the bone (d), which was about a line in length, extended to 
the ulna, wilh which the cut ends of the radius were firmly united 
by means of a narrow strip of new bony material, of a white colour. 
With this exception there was no deposit of new bone on tlie ulna. 
The periosteum covered the bone entirely. It was found somewhat 
thickened in proceeding towards the cut ends, and came off from 
them together with the muscles inserted into it. 
The riscera were healthy. 
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EiPLANiTiON TO Fig. 31. 



Bones of the forearm of a rabbit, after tLe resectioa of a piece, seren lines in 
length, &om the shnft of the radius, eighlj-tour dajs after the oiieration. 



«. Ulna. 

b. Badius. 

ce. The cut ends of Ihe radius, covered with 
uev benj material, and lirml; soldered Ijj 
means of tliis material to the uiua, 

d. Space Ijclwccn the cat cuds of the bone. 



EXPEHIMENT XIV, (FigP. 33, 33.) 

In a rabbit of middle size, I resected a piece nine lines in length 
from the substance of the radius, without preserving the periostenm. 
Mid united tbe wound by tlie interrupted suture. The animal re- 
mained c-beerful, and at first carried the leg operated on drawn up 
to its body, but after only a few days again bore a little of its 
weight u])on it. About this time a tolerably large, doughy swelling, 
very painful on pressure, had formed along the whole forearm, and 
especially around the situation of the resection and in the neigh- 
bourhood of the elbow-joint. The wound was firmly closed. I did 
not open it, and found a few days later only a slight increase of the 
awelling, wliich had become more solid than before. Tlie sutures 
had cut out. The wound was for the most part united. Thick pus 
exuded on pressure from the ununited part. MTien I again ex- 
amined the animal, at the end of the fifth week, the wound was 
firmly cicatrized, there waa no longer any swelling on the forearm. 
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, but about the elbow-joint, whicli was 6exed to a right angle, there 
was found a pplierifal, verj- hard swelling, not painriil on pressure, 
and the size of a smnll walnut. The joint was moveable only 
t very slight degree. In trj-ing to extend it forcibly I felt a 

I Mlid resistance, clearly depending on callns-material in the joint. 
At the same time a rectangular contraction of the wrist Iiad 
occurred, so that the animal touched the ^ound in running only 
with the extreme point of the leg. Even this oiJy occurred in quiet 
motion ; if I chased the animal, it drew up the operaled limb to a 
considerable height, and used only the three sound legs. The forc- 
»nn itself was a good deal cur\ed, with the convexity upwards. 
An interval, the breadth of a finger, was felt between the resected 
ends of the radius. Its condition remained about the same up to 
the end of the eighth week. The coutraction of the wrist had made 
such progress that the animal, when it rcstt'd on the limb, trod on 
the back of the paw. It was killed on the fifty-sisth day after llie 
operation. 

Ditaection. — ^The cicatrix of the skin adhered intimately to the 
soft paria below. The muscles in the neighbourhood of the resec- 
tion were united together, and dipped into the hiatus between the 
cut ends of the radius, which was eight lines in length. In the 
dissection they came off from the ends of the bone, together with the 
periosteum, which was somewhat thickened, Tlie ulna (a) was con- 
siderably bent in a curve, with the convexity upwards. The ends of 
the radius (c c) were rounded off by a small quantity of new bony 
material, of a white colour, and were firmly united to the ulna by 
similar deposit (fig. 33 d d d). Tliis covered the outer side of the 
ulna also iu a tliin layer, corresponding in extent to the hiatus in 
the bone (fig. 32 d). The medulhiry cavity of the radius was 
closed at both ends, to a greater extent at tlie lower than (he 
upper (fig. 33 b&,ec); the medullary cavity of the ulna was 
unaltered (fig. ^^ a a). 

Tlie capsule of the elbow-joint was extraordinarily thickened and 
hard, and was firmly united to the muscles which passed over it. 
It had the Bi2e and shape of a small walnut. In the capsule drj-, 
thick pus was contained, together with the joint ends of the 
humerus {fig. 3a/), the ulna (fig. 33 e, and 33 e], and the radius 
(fig. 32 y). They were very much enlarged by formation of new 
bone, and entirely deprived of their cartilaginous covering. The 
condyloid process of the humerus was firmly united to the sigmoid 



AITIIOR S KXPKRIMENTS. 



225 



carity of llie uliia, by a sliort, stroiig, fibrous union, which covered 

also the other articular surfaces of the bones. On section, the new 

I formation of bone could be recognised as a deposit on a portion only 

I of the radius. On the articukr process of the ulna, tliere was 

I nothing to be seeo of the original bone, but merely a homogenous, 

tolerably firm, but porous mass of bone (fig. 33 e). 




I 



ExPLAx&Tios TO Fio. 33. 



Bones of tiic forearm of a rabbit, after tlie reseotion of a piece, uiue liuea in 
le:iglh from Ibe substance of the radius ; fiftj-six days after tlic oporation. 

a. TUo ulna, much carveil. 

b. Tlie radius. 

ee. Tlie ends of the bone, covered with oew bony material, by meiuis of 
which they are Srmly united to the ulna. 

d. New ban; material deposited on tbe ulna. 

e. The articular extreroity of the ulua, considerably enlarged by deposit of 

/. Condyloid process of the humerus. 
g. The head of the radius, 
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EXPULNATION TO FiG. 33. 

The same preparation, sawn across transversely in the centre, and longitudinally 

by different sections. 

a a. The ulna. 

bb. The radius. 

cc. New bony material, completely closing the medullary canal of the 

radius. 
ddd. New bony material, firmly uniting the ends of the radius to the 

ulna. 
ee. New porous bone, which occasions the enlargement of the head of the 

radius and of the olecranon. 



Experiment XV. (Fig. 34.) 

In a full-grown rabbit I resected a piece, five lines in length, out 
of the shaft of the humerus. The length of the humerus before the 
operation measured two inches nine lines. Immediately after it, 
through displacement of the lower fragment upwards and forwards, 
a shortening of one inch was occasioned. The displacement was 
reduced, and an apparatus of gutta percha with paste bandage 
applied. The animal, however, would not submit to the bandage, 
and gnawed it, as often as I replaced it, so as soon to get it ofif. 
The displacement of the ends of the bones thus recurred. An in- 
considerable swelling, which had shown itself on the forearm, dis- 
appeared, as soon as the wound (at first closed by sutures) was 
roojiened. Union took place by suppuration. The animal remained 
cheerful, carried the injured limb hanging, or trailed its lower part 
after it. Shortly before the animal was killed (which was done on 
the fifty-first day after the operation) the usefulness of the limb was 
fi)uml not to have improved. The two pieces of the humerus, where 
tlu\Y had bi\ni sawn apart, remained at an obtuse angle pointing back- 
w ards. aiul wort* firmly united to each other, but moveable without 
crt pic us. h'inn callus-material could be felt through the soft parts. 
A rxMuul s\u^liug of the size of a cherr> , firm, but not solid, was 
^ur^^'*l ui at tho jH^nt of union of the two fragments, stretching back- 
\\ur\ls; w wast slight K moveable, and appeared to be connected with 
tho up\HT fvagmout of the b<uu\ 

l>wwv»^#v-^. The eio<itri\ was verv delicate and firm. Tlie 
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I muscles were uatural, except that the triceps muscle was thiuued, 
I being raised by the swelling, and its fibres spread out lo form a 
I covering for it, and difficult to separate from it. Ou both fragments 
I of the bone there was deposit of new boue, of an irregular tubercu- 
I lated sha])e. Tills was united by a ligamentous material between 
[ ^e two fragmeuts, Tlie swelling above mentioned was united 
I directly to the upjrer end of the bone. Its firm fibrous capsule, 
I which was about a line in thickness, pa-ssed over into the tliickened 
I periosteum on the upper end of the humerus. The jierios- 
1 team on the lower end of tlie boue was not tliickened. On a 
I section being made into the tumour, a quantity of thick yellow 
[ eheesy pus came into view ; wliich had also been evacuated, though 
in small quantity, from a fine opening i» the bone close below the 
articular head, iu dissecting the muscles off the hone. On a longi- 
tudinal section of the swelling and of tlie two fragments of the boue, 
the following was obsened : 
I Tlie corresponding ends of both fragments were enlarged by irre- 
[ gnlarly tubercidatcd new honv material [dddd), the end of tlu^ 
upper fragment much more than that of the lower. The medullary 
cavities of botli were closed at their corresponding extremities {e e). 
The new bony material was continued as a narrow strip, winch ex- 
tended, for the most part clearly distinguisliable from them, on either 
Bide of the fragments, towards their articular ends; and accom- 
panied the upper fragment up to the joint, and the lower to about 
its middle. In tliis bouy material the formation of diploic tissue 
had progressed in parts to a great extent, and the remains of tlie 
old bone had been in part absorbed. The medullary cavities in both 
fragments were filled with the same thick cheesy pus as was found 
in the swelling, and which showed normal pus-cells under the micro- 
scope. At the lower end of the up[HT fragment of the bone there 
Was a cavity aa large as a licmpseed, which communicated with the 
medullary cavity by a fine opening. The capsule of tins canty 
exhibited, under the niicroseoj>e, smooth fibres crossing each other 
in numerous directions. To this cavity was connected another and 
_ hzgei aweUiug (/}, separated from it by a similar, but stronger, 
I membrane. The corresponding estremitiea of the humerus, n'hidi 
I were covered by new bony material, were partially united together 
I by a short, strong, ligamentous structure (<f), wliich estornally was 
inseparably united with the periosteum. 

The lungs, heart, and liver of the rabbit were quite healthy. 
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Ssruxmoii n Tic. 34. 

Loi^iidiu) section of tbe hamenu of ■ rabbit, Srtj-one iaja after resection 
of a [uece. Ere lines in length, oat of its shaft. 

m. The vpper end. 

i. Tbe lover ouL 

f err. Tbe lemaios of the shaft. 

dm. New booT material deposited on the exterior of the bone. TLe 

Ibnnalioa of diploic substance baa made great progress ; the remains 

(rf the old bone are in part absorbed, 
««. Kev boDj Baierial clasiiig tbe ends of the medDllarj eavitj after its 

diiiaioD. In tbe apper fragment of the bone this is perfonted, and 

b coDDMted vith — 
/. A ormnucribed eaersted abscess, the pas from which also fills the 

ntedulUiT nritj. Tbe aHnmunicatioD is shown bj a fine bristle. 
f. nbtovs material between the ends of the bone. 



APPENDIX TO CHAPTER I. 



I HAVE coUected all the instances of dissections after successful 
operations for excision of bones and joints wliicli I could find on 
record since tlie date of Wagner's publication in 1853. The great 
activity of both English and German surgeons in this branch of 
operative surgery led me to anticipate, before I conuncnced the 
search, a copious collection of autlientic cases which would test the 
truth of our author's theories, and form a valuable addition to 
surgical literature. Tlie meagre list which I am able to furnish, 
after a careful search of all the principal German, French, English, 
and American jwriodicals and treatises, shows how completely erro- 
neoos my anticipations were, and how accurately our author'a com- 
plaint of the barrenness of tliis field of investigation applies even to 
the present day, when all other points connected with excisions have 
been so diligeutly studied. It is possible, however, that sufficient 
time has not yet elapsed since the general adoption of the operation 
for many opportunities to have been found of dissecting limbs on 
which it has succeeded. I believe the following list includes all 
which have been put on record. In arranging them I liave followed 
the classification adopted in Chapter I of Wagner's treatise. 



A. Kcciaion of the thoulder. 

The cases of excision of the shoulder-joint which appear to have 
become the subjects of subsequent dissection are only three in 
number. 

The first is to be found in the ' Deutsche Klinik ' for 1 856 (vol. 
viii, p. 3 1 ) by Hcrr Keid, of Jena. The operation liad been performed 
one year previously, on account of caries of the head of the bone, 
with acute pnin in the joint. One long incision had been made, 
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8Q{1 tlie tendon of tlie biceps was spared. Tlie patient was in a bad 
state of health, suiTeriiig from the elTecta of empyema, &c. The 
scapula was found superficially ulcerated. The case went on well 
for eight mouths j the wound healed, except two small fistulse, and 
the functions of the arm were perfect, except abduction. Then his 
health failed, pain recurred at the situation of the joint, and the use- 
fulness of the arm diminished. He died of lumbar abscess, accom- 
panied by tubercular disease ili other parls. Dissection of the 
Bhoulder showed the ends of both bones enclosed in a capsule, which 
was lined by a membrane resembling mucous membrane, and covered 
by a \iscid secretion. This capsule was closed, except at two points, 
where it communicated with the above-mentioned fistula;. Its walls 
were formi'd in part by the remains of the old articular capsule, but 
principally by the mnacles surrounding the Joint. The latter were 
more or less fnttily degenerated, and the supra- and infra- spiuat us 
were also infiltrated with pus from the fistuhe. The long tendon of 
the biceps was traced upwards. It was free up to the resected end 
of the humenis : here it was firmly united to that bone ; and beyond 
tliis jKiint a deposit of bone was found in it corresjwnding to a 
bony swelling on the inner side of the resected Imraerus. Above 
this it was inseparably united to the capsule, and beyond that again 
could be traced in the form of a band, a quarter ofnn inch in breadth, 
bridging over the inten'al between the capsule and the remains 
of the glenoid cavity, which was affected with caries. The end of 
the humerus was a Uttle enlarged and rounded otf; on its inner side 
was a crest of bone, resembling an exostosis. Tlie tliicker parts of the 
scapula, and especially the acromion, were swollen and very porous. 
Lamellated bony deposits were found in the aupra-spinous fossa. 

The second case will be found in the 8th vol. of tlie ' Pathological 
Transaclious,' p. 346, Mr. Hutchinson excised the head and about a 
third of the shaft of the humerus on account of a tumour described 
as of the myeloid variety. The tumour recurred (being then of a 
distinctly cancerous nature) in the wound and in other parts of the 
body, and the patient died five montlis after the operation. 

The shaft of the bone was itself healthy, and was united to the 
lower etige of the glenoid cavity by a thick ligamentous band, so 
strong tluit the bones could not he separated by any moderate force. 
This luiion pennitlc*! of free motion in all directions. Springing 
(Vom the periogtcuni of the humcms at the point of section, and 
Burcoundiiig the bone nnd the liguncnt, uniting it to the scapula. 
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' was a large mass of malignant disease. The deltoid muscle had 
been previously absorbed bj the disease for which the resection was 
performed. 

The specimen is iu the Museum of Si. Bartholomew's Hospital. 

The third case is bv Professor Heyfelder (' Prager Vierteljahrs,,' 
xxi, p. 87). It occurred before the publication of Wagner's treatise, 
and its omission is noticed by Heyfelder in a review of this volume. 
The details, however, are very scnuly. The operation had been per- 
formed a year before, on account of caries. Death was the result of 
tnbercnlosis. The missing bone had been replaced by a material of 
new formation ; whicli, where it lay close upon the bone, was firm, 
and of bony appearance; but, further away, resembled brawny 
fibrous tissue. The coracoid process was carious, and two fistulous 
openings led from it through the soft parts. 



B. Excision of Ike elbow. 

Of successful cases of excision of the elbow, I have also been 
able to find only three ou record. They are as follows : 

Cask i ('Lancet/ 1855, vol. i, p. 231). — The patient was 
B man thirty-eight years of age, who had been operated upon 
nine years previously by Mr. Syme for diseases of the elbow- 
joint, and who had made a rapid recovery, and had since been 
employed as a guard upon the Edinburgh and Glasgow Railway. 
"When questioned as to the use of his arm, he always made the same 
reply, that he knew no difference between it and the other limb, that 
he could lift an erjual weight with them, and that in swinging himself 
about from one carriage to another, when the train was in motion, 
and such other dangerous proceedings, he trusted one limb quite as 
much as the other. On accurately comparing the mobility of the 
two joints, it might be observed that the extent of motion was not 
TO great on the side where cicision had been performed as on the 
other; but flexion, extension, pronation, and supination were as 
perfect as could be desired for all useful purposes. The external 
aspect of the joint was wonderfully natural, the most obvious 
deficiency being the absence of the olecranon. Tlie limb was not 
quite so muscular as that of the opposite side. He died of the 
efl'ecta of an accident. 

Tlie ends of the bones concerned in the elbow were removed after 
death, and a representation of them may be seen in the 'Lancet,' as 
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above referred to. The following is Mr. Syme's description, with 
such verbal aitCTations as were necessitated by hia references to an 
accompanying engraving ; 

"The elbow haa a very rcmarltable appearance; the ends of the 
bones concerned, though (luite different in shape from the normal 
condition, being yet so adapted to each other as to form a secure 
hinge-joint. The ulna is devoid of either olecranon or coronoid pro- 
cess, and, instead of embracing the end of the hmnems, is received, 
along with the radius, into the forked end of the os humeri. This form 
of the last-named bone appears to have been produced by the growth 
downwards of two processes, one from each side of the cat end of 
the humerus, which appear to be entirely new formations. The 
nbia is separated a short distance from the humerus, the interval 
being occupied by a rather las and vascular ligamentous union ; bat 
the radius forms with the humerus a true articulation, InbricateJ with 
Evnovia ; the surface of the radius, where it touches the humerus, is 
rounded, the corresponding concave part of the hiuncrus fitting 
accnrotely to it; these surfaces are in part covered with fibro- 
cartilage, and partly bare, and of porccUiineous hardness ; but it is 
interesting to observe that a bare part of one bone is always opposed 
by a cushion of fibro-cartilage on the other. The raibns and ulna 
are also adapted to ejich other; the tuberosity of the radius, into 
wliich the tendon of the biceps is inserted, being received into a 
concavity in the ulna, formed in part by a growth of the latter bone 
upwards into a process that curves over the rounded head of the 
radius, and gives attachmeut both in front and behind to a strong 
and distinct orbicular ligament, which is but loosely connected with 
(he radius, and allows of its free play in rotation. To compensate 
for the loss of the head of the radius, which was removed in the 
operation, a prominent lip has grown out around the upper margin 
of the bone at its outer part, which thus has a pnrcliase on the orbi- 
cular ligament, like the natural head. Between the radius and ulna 
there is partly loose ligamentous union, and partly a true articnla- 
tion, lined with sj-novial membrane ; the expanded insertion of the 
tendon of the biceps serving to cover Ihe articulating part of the 
radius, while the depression on the ulna is lined with the nearest 
approach to pure cartilage that is to be found in this elbow. To 
the naked eye it looks quite like cjirtilage ; and under the micro- 
scope differs frwn it only in the fiict that the matrix is obscurely 
fibrous. Two strong bteral ligaments join the eitremities of the 
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procesaes of the humerus to the orbicular ligament on the one side 
and to the ulna on the other. A separate piece of bone (sesamoid) 
is imbedded in the internnl lateral ligament at its juncture with the 
ulna. The extremity of the prolongation of the ulna upwards is 
also a separate piece united to the rest by b'gameut. The anterior 
ligament of the joint has been cut away ; it waa extremely strong, 
so as to compensate for the absence of the olecranon in checking 
backward morement of the forearm beyond the limit of complete 
extension; it was attached above to the anterior surface of the 
humerus, and below to the upper edge of the orbicular ligament, 
and the anterior surface of the ulna. There waa also a strong 
posterior ligament." 

Case a. — Mr. Bickersteth^ exhibited at the Livprjjool Medical 
Society the elbow-joint of a female, set. 43, who died seventy-three 
days after complete excision had been performed. After the opera- 
tion she went on well for a week, when symptoms of phthisis set in. 
The elbow continued to heal as the disease progressed. Sloughs 
formed on the back, and a small one on the inner aide of the elbow, 
A new joint had been formed, complete in all its parts, except where 
the slough had formed. All the movements could be readily per- 
formed. The tendon of the biceps had not been disturbed. A por- 
tion of the brachialis antieus which had been detached had acquired 
an insertion into a new anterior ligament. The triceps was attached 
to the cicatrix, to a new posterior hgament, and to the fascia. The 
interior of the joint was lined by a distinct synovial membrane, 
divided into two cavities, the radio-ulnar articidation bebg separate 
from the remainder of the joint. The structure of the ends of the 
bones was condensed, the cancelli filled up, and the surfaces present- 
ing an almost porcellaneous appearance. 

Case 3. — Dr. Mayer, of TVuerzburg, relates (' Deutsche KUnik,' 
vol. viii, p. 188) a case of excision of the elbow, in which only the 
end of the ulna was removed. Nine months after the operation all 
the. movements of the forearm, flexion, extension, pronation, and 
supination, were perfect. At the above period a bony process 
resembling the olecranon could be felt given off from the end of the 
ulna, and connected with tbe triceps muscle; as could be easily 
made out iu extension of the arm. 

' ' Astociatioii Medical Jooraiil,' 1S56, p. 318. 
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D. ExeUion of the hip. 
I have only two cases to add to Wagner's, 

! ('Deutsclie Klinik,' 1851, p. 497). — Hejfddet relates a 

e in which, sixteen montlia after the unsuccessful resection of the 

ip, the limb was removed together with the carious portion of the 

ftpelvis. I find no distinct description of the anatomical condition 

"of the parts involved in the resection. Tlie limb is said to have been 

at one time aukylosed to the pelvis, but the union gave way again. 

Tlie acetabulum was filled with pus and with softened fragments of 

bone (deposited ?), and surrounded with isolated fragments, which 

irere removed partly with the forceps, partly with the finger. 

Case 3 ('Glasgow Medical Journal,' vol. i, 1853-4, p. 10). — 
Dr. Buehanau gives a case in which the head of the femur was 
removed for caries in a man aged forty-one. The patient died three 
months afterwards of dysentery- The wound was almost entirely healed 
np ; a small opening admitting a probe alone remaining open. The 
whole course of the incision underneath was completely consolidated. 
The cut surface of the neck of the femur and great trochanter were 

' quite sound, being coated witli a cartilaginous incrustation. The 
cnrcumference of the acetabulum, from which the edges had been 

I removed, was studded with spiciUoa of new hone, showing the pro- 
gress which nature had already made towards a cure. Tlie acelabu- 
hun was filled up with granulations, but in some points was still 
rough, the reparative process having not yet extended over the whole 
Beat of the disease. At the upper part of the cavity there was a 
small isolated piece of rough and porous bone, loose, and evidently in 
the course of being discharged piece by piece. Around tliis the 
bone was rough, but not spongy, while other parts were solid and 
smooth. 



E. Excit 



i of the knee. 



The successful cases which have been dissected since the'publica- 
liaou of our author's treatise appe^ to be as follows : 

Case 1. — A preparation in the collection of St. Thomas's Ilospital 
I ahows the coudition of the limb after successful excision of the Imee, 
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The patifEt was under the care of Mr. Souili, but I have not been 
able to learn the exact time which had elapsed between tlie 
operation nnd death. A ven' small portion only of each bone 
had been removed, and the patella left behind. Tbe preparation 
shows tolerably perfect bony ankylosis between the tibia and femur, 
there being only a very slight and obscure movement between them. 
The remainder of the uniting medium (wliicli is of vejy small 
extent) consists of fibrous material; there is no cartilage. A good 
deal ot new bone is deposited around the end of the fcmnr. TTie 
cancellous tissue is much condensed. There is a considerable amount 
of periosteal deposit around tbe patella, by which its extent is much 
increased. A portion of this deposit is ossified; and the patella 
is partially united to the femur by bony deposit. There is a small 
piece of dead bone in tbe head of the tibia. The front of the 
internal condyle of the femur is slightly carious, but this is thought 
to have been a secondary result of prolonged suppuration excit«d by 
the dead bone in the tibia. The soft parts have been removed. 

Case 3. — Mr, Henry Smith* exhibited, at the Medical Society of 
London, the bones which had been removed from the lower extremity 
of a boy who had, two years previously, undergone excision of the 
knee-joint by Mr. Jones, of Jersey, hmi entirely recovered from the 
operation, and died of disease of the liver. A firm bony ankylosis 
had taken place at the site of the operation, between the extremity 
of the femur and tibia, in nearly a straight position. The patella 
also, which had not been removed in the operation, was uidted to 
the anterior part of the femur, and its ligament was still attached 
to it and to the tibia, so that altogether a very firm compact mans 
of bony tissue occupied the situation of the knee-joint. 

Case 3. —Mr. Jones, of Jersey,' amputated the tliigh several 
(apparently about nine) months after excision of the knee for 
caries of the femur and tibia. 

The patient, a girl aged fifteen, was exhausted by discharge from 
a large abscess in the back, and this, together with the occurrence of 
frequent attacks of hysteria, caused sloughing of the parts and fre- 
quent displacement of the bones. 

■ 'Lancet,' Deo. 9II1, 1854; from 'Edinb. Med. auilSurg. Joam.' for 1855, 
p. 184. 

' ■ Uedical Times uui Quette,' 1855, roL ii, p. 343, 
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A portion of tlie lower third of the femnr was found in an 
advanced stage of uecrosis. There was strong ligamentona union 
between the femur and the tibiu, and the patelk was partially 
attached to the fonnci. 

Cash 4-' — A preparation of bony ankylosis in the College 
Museum, from a patient of Sir P. Cramptou. 

niis preparation is not very exactly described in the College 
Catalogue, Prom a card, however, which accompiuues it, it appears 
that the patient survived Ihe operation tuenty-sevpn years. TJie 
end of the femur appears to have been sawn through close above the 
condyles, and is ankylosed at a right angle to the tibia, of whieh a 
rery thin she* only can have been removed, Tlie tibia appears also 
to have beeji displaced a btlle backwards, and somewliat twisted upon 
ils own axis. A lai^ quantity of porous bone is tlirown out 
around the head of the tibia. The uniting medium between the 
two bones is solid compact tissue, of an ivory hardne^, exactly re- 
semhhng the compact tissue of the shaft in its neighbourhood. 

I am not aware that any detailed history of this case exists, bot it 
is rrfnred to in Mr. Pergusson's ' Practical Surgery.' 

C-iw 5- — Tlie following case, although the patient is still alive, 
inay lirscrrr mention here as showing that bony ankylosis is not 
•Iwars nerc^sarj' to the success of excision of the knee, but that 
•one d*^r of iwfiil motion may occasionally be preserved. The 
noe n irportcd in the ' Britbh Medical Jounial/ 1858, p. looi, 

A h*«Ilht-)ooking girl, a housemaid, occasionnlly comes to King's 
ColkjT Hiie]«liil, whiw knee was excised by Mr. Fergusson in the 
»un!inMT »»f i8j6. On making her stand with her heels together, 
Ihr limbs ftna of equal length, but, on measuring, the left is found 
ki hr thr ^mrler by neariy half an inch. The knee has very much 
the iWfitiHir «f ils fellow ; the patella exists, and is slightly move- 
•Mc : and the paiimt cam flex a»d extend the knee to a consider- 
•Mp rstvnL TV ji^int, howr\vr, dow not admit of lateral motion. 
U MKwriM|t *>«■ I'wupalion she is constantly on her legs, and lias 
H fv> «|i «Mt i)i.>«w Main wvwal times during the day. Tliere is 

* ill^^^y*''**'**^'** CJuV" *. "J "lucl' Uie author sajs he lias 
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just a sliglit limp in her wait. Oe referring to the case-book, it is 
found stated that, at the operation, a slice half an inch thick was 
removed from the femur, and two portions from the tibia, together 
about an iucli and a quarter in thickness. 



p. Resection of the loKer end (f Ihe fibula. 

M. HoueP relates a case in which the leg was amputated six 
months after resection of the lower end of the fibula. 

All the muscles were lardaceous, and almost fused together into a 
single mass. It was supposed tliat the anterior tibial nerve had 
been divided in the operation, but the cohesion of the muscles made 
it impossible to determine whether this had been the case. 

Tlie anperiicial layers of the fibula were swelled out and softened 
to the extent oE eight centimetres (tlu-ee inches nearly) above the 
point of section. Below tliis point was fouud an osteo-fibrous mate- 
rial of new formation, continuing the fibula downwards to the exter- 
nal side of the astra^us ; and it articulated with this bone just as the 
malleolus esternus had done, which it represented exactly. Between 
the superior extremity of this new malleolus and the free surface of 
the fibula was a false joint offering for examination two cartilaginous 
surfaces, lubricated by a viscid fliiid, and maintained in contact by 
two thick bundles of vertical fibres. The posterior surface of the 
new malleolus was in relation with the peronei tendons, as in the 
normal state ; but these tendons had contracted intimate adhesions 
with this eminence, ao that, if the resection had succeeded, they 
would no longer have had any action on the foot. The tibia was 
Iijpertrophied in its whole lower half, which was covered by thickened 
and injected periosteum. Between the external surface of the tibia 
and the newly formed external malleolus, the interosseous ligament 
of the inferior tibio-fibular joint was replaced by a fibro-cartilaginous 
tissue uniting the two parts intimately. Lastly, the articular surface 
of the lower end of the tibia was soUdly soldered to tlie upper sur- 
face of the astragalus by bony substance occupying the whole extent 
of the pulley-like surface. 

(1. WThl-joinl. 

Case i ('Prag. Viertcljalu>sclirift,' 1858, Bd. lix, p. 12).— Prn- 

■ ' BuUelin At la Soci^ti de ChimrgiCi' vol. iv, p. 400. 
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I fcssor Adelmann relates a case of resection of the lower extremity 
J of both radius and ulna, for caries. The huud was uselesa after- 
I wards, from the extremities of the bones having become agiun 
\ carious. The forearm was amputated six months afterwards. 

The interval which had been left in the resection was found to 
I faave been diminished; the lower ends of the two bones had lost 

the smoothness of their sawn surfaces, which were covered bv 

irregular masses of bone, wliich, however, did not reach the carpus. 

Both bones were increased in thickness, and their original figure 

was quite lost. 

Case a ('Pathological Transactions,' vol. viii, p. 390). — 
[ Mr. Pergusson exhibited a dissection of a forearm from a patient in 
' whom he had excised the KTist-joiut six months before death. It 
' is described as follows : 

The whole of the bones of the wrist were supposed to have been 
removed. Dissection, however, showed that the pisiform bone, the 
trapezium, and a part of the unciform bone had been left. Portions 
of t)ie radius and uhta were tukeu away. 

The operation was performed through a wound in the soft parts 
on the uhiar side of the joint. The dissection sliowed how little 
I damage to tendons had been inflicted. The hand moved freely at 
the wrist, aud there was free use of the fingers and thumb. A 
small sinus remained on both the radial and idnar side of the wrist, 
and on dissection it was found that both of the sinuses conunnni- 
cated with a portion of the end of the radius which was bare. The 
patient died of phthisis. 

I have not been able to find a more detailed account of this pre- 
paration, nor the preparation itself, wliicli, however, probably exists 
in King's College Museum. 



II. Reiectiona from the suhalance ofbonea. 

The following are all the cases wliicli appear to bear on tliis sub- 
^ject: 

Case I ('Medical Times and Gazette,' 1857, vol. ii, p. 453). 

-Excision of Ike ulna, aud dislocation of the -upper end of the 
radiv*. — ^This case is reported in the following words : f^muel 
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1) — , a;t. i8, n healthy -looking lad, is now under ilr. Cock's 
care, on account of an alTection not iu any way couuected with 
that which forms the main interest of Ids case. His right arm 
presents the following conditions : There extends along the inner 
border of the forearm, almost from the wrist to tlie elbow, a linear 
cicatrix, beneath which the parts are fallen in, and the border, 
instead of being round and full, is concave. The styloid process of 
the uhia and its whole articular head may be felt iu its place, but 
between this and the olecranon the bone is entirely deficient. The 
cicatrix marks, no doubt, the incisions by which the shaft was re- 
moved, and there would appear to have never been the slightest 
attempt at reparation. The extremities of both articular ends are 
irregular, and much in the condition left at the time of separation. 
The olecranon is about an inch long, the shaft being abruptly defi- 
cient, with the exception that a very slender spicula, about two inches 
long, extends forwards fiom its inner border. The lower head of 
the bone is about half an inch long, and ends abruptly, Tlit- radius 
is dislocated forwards over the inner condyle of the humerus, and has 
there very free motion, being restrained only by membranous bands. 
The arm is tliin, and the state of its bones in the respects adverted 
to is very easily made out. The lad states that he is right-handed, 
and always uses the affected arm. He ia accustomed to wheel a 
barrow, to lift heavy weights, &c. Its defect appears to be of re- 
markably little inconvenience to him. As to the history of the 
original disease, it appears that he was treated iu St. George's 
Hospital, at the age of four, for necrosis of the bone, and that four 
operations for the removal of sequestra were performed. 

Case 2. — Sesect'ton ofaportion of He akaji of lie ulna. — In the 
' Deutsche Khnik,' 1 855, p. 145, will he found a case in which Bobert 
resected a great part of the ulna, leaving the periosteum — a piece 
five and one third inches in length, through the coracoid and 
olecranon processes, but not opening the joint, — on account of 
chronic periostitis, complicated with bleeding from the inter- 
osseous artery. The movements of the arm, including rotation, 
were almost perfectly restored. The patient died eight montlis 
after, of apoplexy. The whole of the bone had not been re- 
generated. The cicatricial tissue between the ends of the bone 
consbted of a membrane which, close to its origin from the upper 
section, contained a small plate of bone, The hiatus was cou~ 
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•horler than the portion of bone removed— the latter 
rorasuml eight centimetres, while the former measured only J 
■Dins it was se^n tliai ilicre had been growth of bone from eacK J 
exunmitv, as was proved also bj their altered form. Thus, ihi^M 
tngmeat of the ulna ran up into a flat-]>ointed process I 
ily-five millimetres in length, seven in breadth, and four infl 
ness, which appfAred to have come off from the medullaiy^ 
nivitT of tliat bone. This lower portion was approximated to the 
radius nt its upper eud- The reproduction of bone was more con- 
siderable at the upper end — a piece five centimetres long liaving been 
deposited on the outer, and one two centimetres in length on the inner 
side. The fragment had changed its position, the new deposit of 
bone passing down upon the radius; to which it was intimately 
united by fibrous tissue, and formed a sort of false joint, which 
interfered with the rotation of the radius. The new deposit on the 
interior of the bone passed over to the head of the radius, fonning a 
process which supported it, as it were, and was covered with car- J 
tilage so as to form a perfect joint. 

The articular furfuees both of radius and ulna were united to thaifl 
humerus by false membranes, but not so as to hinder motioo-.J 
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iSE 3. — Eeteclioti of ike greater part of the shaft of the tihlotM 
—Professor Adebnann ('Prag, Viertcljahrschrift,' 185S, Bd. lix, f 
p. 44) rehites a case in which Herr Bechtold resect«d the whole shaft-1 
of the tibia, from three fingers' breadth below the condyles tO'i 
two fingers' breadth above the malleolus. 

Three quarters of a year afterwards a "cicatrix of regeneration" had I 
formed from one epii)hyais to the other; but in spite of the unin- I 
jurtd fibula, shortening of more than two inches had occurred, com- 
pelling the patient to wear a high-heeled shoe. 

Cask 4, — EetecClon of a fAeee out ofihe shaft of the tibia. — Pro- 
fessor Ailelmann. ('Prag. Vierteljahrsclirift, 1858, Bd, lis, p. 
45.) The opernlion was performed on account of a penetrating 
uloer of llic soft parts involving the bone, vrith a liew of relieving the 
tissues of ihc ports, remo'.-ing entirely the diseased bone, and giving 
the i»tient a chance of the healing of the ulcer. A piece of bone six 
inches long was eicised. The ulcer healed temporarily, but broke out 
again. Tiic Umb reniained useless, and the leg was amputated 
Wgbt M<Hith> ^t^ptttiJ?' 'llten- was no trace of farmataon of «Jl^t »- 
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The stumpa of the tibia liad become pointed off at both ends, but 
this Stat* was produced, not by the deposit of callas material on the 
cuds of tlie bone and subsequent ossification, but by absorption of 
portions of bone from the upper and lower ends of the tibia. The 
interspace between the ends of the tibia waa filled by a fibrous exu- 
datioti-substance, attached to the neighbouring muscles, wiiich 
were partially atrophied, and intimately blended with them. This 
rendered it difficult to dissect the separate muscles and vesseb. 

Case 5 (Busch, 'Chimrgische Beobachtungen,' p. 260). — A 
man, ffit. 50, in good health, suffered trephining of the tibia, 
which was much hypertrophied, close below the tuberosity, ou 
account of necrosis. The soft part-s were separated by a crucial 
incision, and the thickened periosteum rasped away. This separa- 
tion of the periosteum extended further than the trephijie-liole, so 
that there remained a portion of exposed bone around the latter 
uncovered by periosteum. In the progress of the case the perios- 
teuin and soft parts around this ring of bone became inflamed 
and swollen, and on the fourth day afl^r the operation a well- 
marked development or extension of vessels into this ex])03ed bone 
could be seen, forming a finely injected network running towards 
the trepliine-hole. Two days later these vessels were hidden, and the 
exposed bone covered, by a reddish, gelatinous exudation almost up to 
tlie edge of the section, and on the following day fine granulations had 
been formed from this exudation. Thus the process was as follows : 
In the ring of bone, wliich was connected with the periosteum 
only by its outer circumference, and was itself uncovered, a well- 
marked hypenemia had occurred, fumisliing an exudation from 
which the newly formed granulations were developed. These 
granulations reached almost to the edge of the section, and where 
they ceased a small ring of bone became necrosed. Granulations 
also sprang from the sawn surface apparently unconnected with 
those which arose from the medullary cavity, and after the exfolia- 
tion of the above-mentioned necrosed portion and of a few small 
setLuestra from the medullary cavity, the hole was quite filled up by 
the union of tlie granulations from tliese tlu-ee sources, and in the 
end a perfectly solid substance was laid down, wliich filled up the 
treirfiiue-Iiole and united it to the skin. 

(He a[iplies this and similar observations to show that grannla- 
tions sprang from the substance of the bone itself, and thus to refute 

16 



24a ON BKPArB AFTER RESECTION OF B0NE3. 

Wagner's idea that regeneration takes place oiily through the 
periosteum or modullarr niembraue.) 

Case 6. — lu the ' Deutsche Klinilc,' vqI, viii, p. 201, is an interest- 
ing case reported by Majer, of Wiirzliurg, in wliich he removed the 
arch of the seventh dorsal vertebra, which had been depressed upon the 
spinal marrow by direct violence six months before, and Iiad become 
united in its new situation by callus. Paralysis had not come on 
till some time after the injury. It was relieved, but only shghtly, by 
the operation, and the patient died three weeks afterwards. 

Tlie cord was found broken up at the scat of the injury. The 
spinous processes of the fifth, seventh, ninth, and eleventh dorsal 
vertehrte had been fractured ; the procesw above the scat of the 
principal fracture was united by callus, but Ihc others, as well as 
the fracture of the spinous process, showed no trace of formation of 
callus, wliile the luteral fragment of the seventh vertebral arch was 
displaced upwards and inwards, and uniled with the upper half of 
the body of the vertebra, which had been fractured across. 

Cask 7, — In ' Guj-'s Hospital Reports,' 1857, p. 364, there is an 

accoiuit of the dissection of a man who had been trephined fifteen 
years previously by Mr. Cock. The operation had been followed by 
eitfoliation of a portion of bone. The case is worthy of perusal on 
account of its intrinsic interest. In relation to the wound in the 
bone it is said : " As regarded the original wound, it was not replaced 
by the growth of any new bone, but the trephine-opening was filled 
up by a tough membrane, composed of the integument on one side 
and the dura mater on the other. These were firmly blended 
together, and formed a sufGciently strong protection to the brain. 
They were strongly united to the edges of the opening, the latter 
being rounded, with smooth edges, and little more than an inch in 
diameter. At its up])er part there were two depressions, whence 
probably the diseased bone had proceeded, and there was con- 
siderable evidence of ostitis having occurred all round tlie site of 
the trephining, particularly at its front part. Here, over the left 
protuberance of the frontal, the bone was more than twice as thick 
as the corresponding part of the ojiposite side. For about two 
inches around this opening the dura mater was closely adherent, and 
upon removing it the inner surface of the skull was seen to be 
covered with a number of bony points or granulations. Immediately 
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in front of the trephiiie-hole there was a deitreasion in tlie bone, 
which extended upwards and downwards for a length of three 
inches. It was caused by a ridge of new bone immediately iu front 
of it, and might have been the site of a fracture which took place at 
the time of injury; from the great change, however, in the stnic- 
tore of the bone, it was impossible to prove this satisfactorilv. 

in. Krfirpatiott ofhwics. 

Case i (' Wiener Wocheusclirift,' 1855, p-513). — Dr. Robert, of 
Coblenz, extirpated the entire fibula, on account of acute inflam- 
mation, with central necrosis in parts. The case did well. 

He says ; "The peculiar resistance felt in resection -wounds at the 
commciicemeni of bony reproduction was first i>erceived fourteen days 
after tlie operation at the lower angle of the wound, as a broad, hard 
mass, gradually becoming thicker and exteuding further upwards. 
This new formation of boup had, at the eighth week, when the wound 
was cicatrized, extended upwards only to the extent of one third of 
the removed bone, and when I saw the patient hist, on the a3d of 
IVbniary, 1849, one year after the operation, the regeneration of 
bone liad proceeded only to half the length of the tibia. The head 
of the fibula could he plainly felt in the form of a rounded ball, 
from which a yiehling cord extended lo the upper point -of the 
regenerated bone." 

Case 2. — In the 'Medical Times and Gazette,' 1857, vol li, p. 453, 
is the report of a case in which Mr. Savory removed the whole, as it is 
supposed, of the shaft of the radius on account of necrosis in a boy, 
ct. 9, An incision having been made over the centre of the diseased 
bone, it was divided and drawn out in two pieces, ITie periosteum 
was found to be separated from the bone, and was left behind. The 
articular extremities remained untouched. The shaft had in all 
probability separated at the epiphyses, from tlie extremity of each of 
which new bone bad been thrown out, so as to encase the ends of the 
necrosed shaft for an inch or more. 

When examined eight months aftertheoperation, the bone could 
be felt from both ends growing to within about an inch and a half of 
each other, the two points being free, moveable under the skin, and ap- 
parently connected by a fibrous cord. The boy said that they con- 
tinued to grow towards each other, but not bo rapidly as tliey used 
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to do. The lower end of the ulna was very prominent, in consequence 
of the hand having fallen over towards the hollow left by the re- 
moval of the radius. The movements of the hand were nearly per- 
fect, pronation and supination being effected by rotating the 
humerus. When the hmnems was grasped above the elbow these 
movements were stopjied. The size of the regenerated bone 
appeared much less than that of the original radius. It had been 
hoped at one time tliat the two portions woidd have grown into and 
united with each other, but this prospect was lost, or at least 
delayed, from necrosis liaving attacked a portion of one of the frag- 
»ments. It seemed, therefore, ujicertain whether the whole of the 
bone would be regenerated. 

Case 3 ('New York Journal of Medicine,' new series, vol. x, 
p. 135). — Dr. Corapton excised both radius and ulna on account 
of extensive compound comminuted fracture, followed by slough- 
ing. The bones were disarticulated at the elbow, and removed 
entire, except a small portion of the lower end of the radius. A 
great portion of the periosteum was detached from the bones and 
left in the wound. l"he operation was followed by the formation of 
several abscesses connected with spicula of bone which had been 
left in the wound. On recovery, the arm was two or tliree inches 
shorter than the other, and was " perfectly firm." It remained at a 
right angle with the huinerus and could be flexed or extended, 
BO that the band moved through eight or ten degrees of the arc 
of a circle. The patient had entire use of the hand, could 
both open and shut it, and grasped objects firmly. (^Froa. the 'NetB 
Orleans Medical Register') 

Case 4 {' Moniteur des Hfipitans,' 1856, vol. iv, p. 828). — In a 
clinical lecture by M. Thierry, reported as above, the following 
words occur : 

"Yon saw here the other day a man, about forty-five years of age, 
who had already submitted to the operation of resection of the oscalcis, 
necessitated by the necrosis of that bone. The calcaneum was re- 
produced, but, unfortunately, this bone of new formation was 
struck with gangrene like that which preceded it, and we were 
obliged to extirpate it a second time." (Here follow some details of 
the operation, which is said to have been long and painful.) 
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Cash 5. — Maisoiineuve ('Comptes rendus Ae I'Academie,' &e.. 
May, iSj6) resected the whole of the lower jaw on account of 
librous tumour. Tlie wound united by first intention. Boon after 
the operation (when the case waa reportedj a firm tissue waa 
deposited in the place of the resected bone, in which, as the perios- 
teum had been spared, it was hoped that bone would be deposited. 

Case 6. — In the ' Gazette des Hftpitauj:,' 1856, p. 604, is the ac- 
count of an operation in which M. Guerin resected the second and 
third metacarpal bones — the former in its whole length, the latter 
fromjust below its upper end, M, Guerin says, " There was no repro- 
duction of bone, nor could there have been any, for the periosteum 
was not preserved." 

Case 7. — ExeUioa of the entire tmUiu. — In the 'American Jour- 
nal of Medical Sciences' for April, 1S58, p. 363, is the account by 
Professor Camochan of an excision of the entire radius, in which the 
patient lecM'ered entirely the use of his arm and hand. Examina- 
tion externally, some time after the operation (apparently about five 
years), seems to liave shown no reproduction of bone, a depression 
existing along the original site of the radius. All the movements, 
including pronation and supination, are said to be performed 
without difficulty. 

Case 8. — In Dr. Williamson's 'Notes on the wounded from the 
Mutiny in India,' p. 109, will be found the account and representa- 
tion of a case in which he excised the entire ulna, an inch and a half 
of the extremity of the humerus, and also the head and neck of the 
radius, on account of disease following diffuse inflammation. The 
wound healed by first intention. Four months after the operation, 
the man could bend liis forearm, raise his hand behind his head, 
and lift a twenty -eight pound weight from the ground ; he could 
also prouate and supinate the hand ; there was no anchylosis of the 
wrist-joint, and he could use bis fingers well. Nothing is said as to 
reproduction of the removed bone. 
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It was originally intended to have published the following trans- 
latioiifi without the addition of any remarks, trusting tliat the 
importance of the suhject and the celebrity of the author would 
sufficiently counterbalance any imperfections in the translation or 
difRcultiea in the original. Kndiug, however, that a former 
translation of mine' did not appear to have been generally under- 
stood, and that even in Germany a series of works had appeared 
necessary as introductions,* I have thought it advisable to com- 
mence by caUing the reader's attention to a few point*!. 

German ophthalmology has especially distinguished itself of late, 
by the attention it has paid to the anatomy and physiology of the 
organ of rision, and by the frequent, almost constant, application 
of facts drawn from those branches to practical purposes, and 
especially to the examination of cases. As examples, we may quote 
the ophthalmoscope, oblique iUumination, the use of prismatic 
glasses, &c. &c. Hence the English reader, who is necessarily 
more or less unacquainted with these recent discoveries, must expect 
to meet with many and great difficulties. I may perhaps be 
allowed to mention, that I propose to publish shortly, as some 
slight aid in that direction, a work on the ophthalmoscope, that may 
serve as a guide to its use and as a return^ of what has been 

' Dr. A. T. Qraefe, " On TJnilateral Cataract," in tbc " Med Times and 
Gaiette,' 1857, toI, ii, p. 369. 

' Such is tlic ' Klinisclie Analj»c dcr MotilitatssLdrungen da Angcs,' von 
Dr. Alfred Gracfo, Berlin, 1858. 
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already discovered by its assistance ; in it I shall also include the 
subject of oblique illumination^ &c. 

The difficulties in the present papers do not, however, seem very 
formidable, and I hope that the explanation of a few points may 
enable the reader to peruse them with pleasure and profit. 

By exclusion of the pupil, pupillary exclusion, or synechia pas- 
terior totalis, is meant adhesion of the whole of the free margin of 
the iris to the capsule of the lens. 

The eye may be divided geographically into two hemispheres, an 
anterior and a posterior, an equator, an anterior pole at the centre of 
the cornea, and a posterior at the macula lutea. Central fixation is 
when the eye is so directed, that a line drawn from the object 
through the centre of the cornea would strike the macula lutea ; 
should it strike elsewhere, it is called excentral fixation. 

The extent of the field of vision is determined by placing the 
patient at a definite distance, say a foot, from a black board, on 
which a cross is then drawn with white chalk directly opposite his 
eye ; on this cross the patient must fix his eye steadily throughout 
the examination ; the chalk is now moved slowly upwards, downwards, 
&c., so as to determine by repeated trials how far it can be dis- 
tinguished, and at each of these points a mark is made on the 
board ; lastly, by connecting these points, we have a drawing of the 
field of vision as measured at a foot distance. 

As to the operation of iridectomy, I need only remark that the 
eye should be firmly fixed by seizing a fold of conjunctiva with 
forceps, that the operation should be slowly performed, and that it 
is often much facilitated by the use of chloroform. 

65, Piccadilly, Mincuesteb^ 
October, 1859. 
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The dangers of iritis in general have materially diminished since 
the introduction of a bold use of mydriatic remedies in the acute 
form. Treatment by antiphlogistics^ mercury, or by other methods 
of considerable repute, though insufficient to effect a complete cure 
of the disease, continue important auxiliaries, and in many cases it 
is impossible to apply mydriatics without their previous employment. 
Mydriatics, however, are indispensable to the complete success of 
our treatment. In most cases it is not the single acute attack of 
iritis that threatens the power of vision, but the frequent recur- 
rences, which sometimes produce fresh pupillary exudations, and 
sometimes exclusion of the pupil (Abschluss der Pupille) or other 
injurious consequences. 

The frequency of such recurrences, and the gradual supervention 

* Translated, with tbe anthor's permission, from the ' Archiv fur Ophtbalm./ 
Bd. ii, abt. 2, S. 20a. Berlin, 1856. 
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of certain compUcittious (amblyopia amaurotica ex clioroiditide 
chronica, and finally atropbia bulbi) led to the giippositioii that 
most cases of iritis depended on internal djscratic causes, 
"We cannot deny such an etiological relation in certain cases, 
especially the connexion of iritis with syphilis, so firmly esta- 
blished by experience. But we must maintain, that in most 
cases of chronic iritis the recurrences depend on no internal causes, 
but on residua of the first attack. These form the predisposing 
causes for later inSammations. Colds, congestions, &c., may indeed 
serve as exciting causes, but the true foundation of the disease hes 
in the eye itself, I will not attempt to decide in what way the 
iritic exudations produce their pernicious secondary action; they 
may operate through obstruction of the circulation by contraction 
of the cicatricial tisane, or dragging of the iris when it can only 
imperfectly follow the impulses of contraction. Putting this ques- 
tion aside, however, I consider the fact finnly settled, that the 
existence of posterior synechia is in most cases the true cause of the 
tendency to recurrence. Iritis cured without posterior synecliia 
seldom evijices any tendency to recur. Iritis with slight and ex- 
tensible adhesions sometimes recurs, but in comparatively few cases. 
Iritis with many broad adhesions, resisting all artificial mydriasis, 
will very generally recur, and there is scarcely any exception to this 
rule when synechia posterior totalis — a perfect exclusion of the 
pupil by exudation — has occurred. 

For a number of years I have thoroughly proved this exceedingly 
importaut connexion, Formerly in cases of double {not syphilitic) 
iritis, 1 oft«n treated one eye antiphlogistically and the other either 
simply by mydriatics or by mydriatics with antiphlogistics. Some- 
times both sides recovered without posterior synechia, and then no 
special tendency to recurrence was found in either eye. Sometimes, 
however, the eye treated antiphlogistically recovered with posterior 
synechia, and recurrences were frequently observed in it, whilst 
none occurred in the eye treated by mydriatics. Tlie converse never 
took place. It is two years since I last tried this experiment, for 
the advantages of the mydriatic treatment were so obvious that I 
could not reconcile neglect of it with my sense of duty. But when 
patients who had suffered from periodical attacks of double iritis 
came to me with synechia posterior, 1 still applied to but one eye 
methodical instillations of sulphate of atropia, and by that means 
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frequently succeeded in teariug tlirough adhesions wiiich had 
existed for many yeara.' 

In the eye treated with the atropine no recurrence took place, 
'but all succeeding returns affected the other eye. When I became 
fully convinced, this practice also was abandoned, and in such cases 
I always ordered double instillations of atropine. Still we oft«n 
fail in tearing through the synechise, especially in old cases, and 
only succeed in stretching them to a greater or less degree, Here 
we invariably find that the eyes in which the broadest, least exten- 
sible synechiffi remain, are also the most liable to recurrence, and we 
can frequently show that these attacks proceed from the divisions of 
the iris affected with the broadest synechite. Corresponding to these 
we find the first injection of the subconjunctival vessels, the first 
hyperffimic coloration of the iris, &c. 

Persons who have recovered from iritis are often affected by 
periodical ciliary neuroses, which in many cases depend on posterior 
synechia. After instillations of sulphate of atropia the pains cease, 

' Tbis has been unjustly doubted. After tbe first mKlillations 1 hnve rer; 
often delineated tbe form of the pupil in persons wlio had suffered from iritis 
many jears previously. I have frcqueally seen projecting angles vanisli one 
after another, and the edge of the pupil return more and Jnore to its natural 
roundness. Aflerso long a duration tins can only take place in the tongue-like, 
prolonged adheaions, known as pointed synechia. In broad adhesions tbe aur- 
tace of union is so great that the power of the mydriatic is insufficient. Many 
patients feel the syneclilfE tearing. They bnve sensations of pressure in the 
frontal and temporal regions, and sotnetitnes below the eye, at the ala nasi, 
Tijese sensations increase to a certain extent, and arc then suddenly alleviated. 
Sometimes tbey have occurred la my presence, imniediatcly after tbe applica- 
tion, and I could discover tbat a synechia had actually been torn, lu two 
instances patients, wbo were perfectly ignorant of (he nature of their affection, 
perceived a tearing sensation just before tbe pnin ceased. Besides, when we 
consider the DDatomical relations, it does not appear extraordinary that such 
aynechiffi can generally ho torn, for the tissue is not separated in its continuity, 
but simply loosened from an extremely slender adliesion. By experiment on tbe 
dead, ne may further convince ourselves that the slightest stretching with the 
forceps is sufficient to break through tbis union, evrn in broad synecliire. When 
the surface of adhesion is very small, aa in the narrow-pointed syoechiie, exces- 
aively little resistance is made to tbe rupture- Besides, it is known to every 
ohserver that synechias may spontaneously separate during tbe movement of the 
pupil, even months after the iritis. Tbis occurs in the same way by separation 
from the capsule ; tbe exudations then remain at the edge of the pupil as pointed 
processes, which do not adhere to tbe capsule, but freely follow the motions 
of the pupil. 
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hut return as the pupil contracts. A methodical use of mydriatics, 

caosing extension of the sjnechite, often pennauently curea the 
disPAse. 

Here the affection seems to have entirely arisen fi-om the drag- 
ging of the iris-tissue by the adhesions. Ciliary neurosis is seldom, 
if ever, observed accompanying anterior synechia, where there is an 
apparent similarity ; the real conditions, however, are so dissimilar 
that the same causes may easily produce different effects. The differ- 
ence is especially obsenablein the circulation, where almost op[)osit« 
conditions are evinced : in posterior synechia we generally find loug- 
^ contiuned hv]iertemia of the iris ; in the anterior, obliteration of the 
vessels, atrophy of the tissue, &c., in the dragged portion. My 
present intention is to determine fundamental principles with regard 
to the object of my treatise ; and, in the first place, I shall assert, 
tiai tieprincijjal caum of the recurrenee of irilU is the exUteiice of 
igneehia, etpecially icAeu broad and ivexteniibte. 

I sliall not here specially consider the mydriatic treatment; I 
have no doubt that the opposition it still encounters entirely depends 
on insufficient examination. It is absurd fo recommend a fixed 
dose of the mydriatic in all cases of iritisj and even the best sulphate 
i of atrdpia ought not to be employed in every case, and in all stages 
of the disease. The application of Atropiuum sulplmricum is gene- 
rally sufficient in slight iritis, i. e. iritis with not much injection of 
the subconjanctival vessels, nor much sweUing of tlie subconjunc- 
tival cellular tissue, nor much lachrymation, and with only alight 
opacity of the aqueous humour and pupillary space. The severity 
of Ihe pain is by no means a contra-iudication, but rather one of 
tile most decided indications for this treatment ; for the most severe 
ciliary neurosis often diminishes when the pupil dilates, and in such 
eases the mydriatic is supjwrted without dilfieulty. It should 
be applied daily, six, eight, ten times, or oftener, at intervals of live 
minutes; and notwithstanding the irritation, both the paiu and the 
other symptoms are generally alleviated, and, at the same time, the 
Bubconjuncdval injection diminishes with remarkable rapidity, 
I Even after the first application the pupil begins to dilate, although 
I for more slowly than in the healthy eye. The margin of the iris 
I gradually separates from the exudations * in the pupil, and these 

' This doudiueu, or " plastic exudation," irliicb occurs in tbs uoniiiiL'uce- 
[ neut of iriiia, retill; forms a dbtinct mombrane. Tliis is |iru«ei] hj tlie per- 
I (bruiiinoe of jiaraceulcbis. 
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wither in the roost satisfactorj- manner, as might naturally be ex- 
pected, since tliej are nourished by the iris, and must atrophy when 
the source of nutrition is withdrawn. Such a result, however, 
could not be obtained by the best resolutives and antiplastics. 

Where there is acute irilit, with profuse lachrymation, chemotio 
swelling, and cloudinesa of the aqueous humour, an entirely different 
treatment is indicated. Atropine (gj. iv to fjj water) must he 
instilled twenty to thirty times, to produce even a limited action on 
the pupil ; sometimes it slightly enlarges, but a genuine mydriasis 
seldom takes place. Sometimes the desired dilatation is obtained 
by a very bold use of the mydriatic. From these cases, however, 
nn rule can he drawn. 

Frequent applications during the height of the iuilanunation 
sometimes so much increase the irritability tliat no therapeutical 
effect is produced. In such cases, I am in the habit of employing 
three methods to diminish the irritation as rapidly as possible. 

1. Bloodletting, by leeches applied to the temples or nose, and in- 
cisions of the cbemosis with Cooper's scissorF, sufficiently deep to 
unload the subconjunctival vessels, which are intimately connected 
with the iris. 

2. Paracentesis, which must never be neglected when there is 
much diffuse cloudiness of the aqueous humour. 

3. In very acute cases, and in those attended by excessive exuda- 
tion, I employ mercurials. The extremities are rubbed every two 
hours with L'ng. Hydr. Cinereum, and every hour I give from a half to 
one grain of calomel, nutil the first indications of salivation appear.' 
When the irritable condition has decidedly diminished, which must 
ensue in two or three days, I commence the use of mydriatics, and 
so vigorously as positively to tear synechiiE which have already 
formed. This is the period dnring which the special object of 
treatment must be unreservedly followed; and in general, the 
mydriatics act much more readily than before, partly owing to the 
diminished inflammatory irritation, and partly also to freer absorp- 
tion by the cornea.* My usual custom is to apply the atropine 

' In addiLioii, I Rpjilj a suppurnting blister behind the cnr, and belieTe that 
it is of use; but fruiu hnriug always eiiipluired it iu coinhiualion with mure 
actiTe trealriient, I have been anable to )^in so dear an iuaight ttito ita act [an 

these cases as 1 have io inui;r firms of cornea) exudatioa. &a. 
The Utter cause alone is iLsufficlcnt to explain the more iiowerful action 
of mvdciatjcs after depletion. This is proved by a fact I liuve often witnessed. 
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from SIX to fifteen times, sometimes twenty to thirty times a day. The 
pupil must be kept dilated some weeks after the inflammation has 
perfectly ceased. It need scarcely be mentioned that the choice of the 
mydriatic is of essential importance. It is, in fact, owing to the substi- 
tution of sulphate of atropia for the extract of belladonna that this 
method of treatment in acute iritis has come into more general use. 
It is also very necessary that the preparation should be well made, 
since it is to be applied so often, and the eye is already in so 
irritable a condition. This is of less importance in cases where it 
is only applied once or twice a day, and its action is not opposed 
by internal irritability. In such cases the most various preparations 
may be employed. But, as I have already elsewhere stated, even 
the best-prepared sulphate of atropia becomes unbearable to the 
conjunctiva after very long-continued use; and if circumstances 
should still render its application necessary, the tone of the con- 
junctiva must be altered. This is best effected by solutions of 
acetate of lead, or dilute solutions of nitrate of silver. 

Although I can easily understand that some practitioners are not 
successful in the mydriatic treatment of acute iritis, because they 
proceed without discrimination, still I cannot understand how any 
can yet consider it irrational. In inflammation of a muscular 
tissue, what indication is more urgent than to keep it quiescent, 
at the same time relaxing its most irritable and most threatened 
parts — ^in the present case, the pupillary margin? Is there a 
method more likely to induce reabsorption of exudations than to 
deprive them of their source of nourishment ? Finally, does not the 
diminution of intra-ocular pressure, facilitating the choroidal circu- 
lation, afford an especial safeguard against the complication with 
choroiditis* which is so much to be dreaded? 

The method itself is by no means irrational ; it is only its im- 
proper use that can justly incur blame, as when it causes excessive 

Atropine has been applied in cases of iritis or corneal exudation, without 
indacing any dilatation, but many hours afterwards it has ensued upon the ap- 
plication of leeches. All remains of atropine had previously been so carefully 
removed that it was impossible any could have been left in the conjunctival 
sac, and hence it must have been absorbed before the use of leeches, its action 
having been temporarily latent, owing to the excessive inflammatory irritation. 
^ Ophthalmoscopic examination has shown that after iritisopacities are by no 
means uncommon in the anterior part of the vitreous humour. Evidently these 
roust be ascribed to the anterior division of the choroid having participated in 
the inflammation. 
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irritation of the external parts in cases of very intense inflammation, 
or when an improper mjdriatic is applied. The empirical success 
of mydriatics has appeared to me so evident that it has scarcely 
seemed necessary to dwell any longer on its beneficial action, either 
in iritis or in corneal aiTections that are rapidly spreading. On a 
former occasion (A. f, 0,, Bd. i, Abth. i, S. 323) I was the first 
to mention the latter circumstance, and I purpose entering more 
ftdly upon it at some better opportunity. 

A second law is connected with the preceding one, namely, that 
the exdunon of the pupil is the point from which the further cmnpli- 
catioM proceed, especially chronic choroiditis (with progressive am- 
blyopia, and in the end atrophia bulbi). By exclusion of the pupil 
I understand simply the total adhesion of the pupillary margin 
with the capsule — synechia posterior totalis. The pupillary space, 
properly so caUed, may be almost free from exudation ; or scanty 
exudations may adhere to the border of the pupil, whilst its 
middle portion transmits light perfectly. When the pupil is en- 
tirely obstructed by exudation, we no longer term it exclusion, but 
closure of the pupil ; thus the latter involves the former, whilst the 
former may exist independently of the latter. The operation for 
artificial pupil, since its first introdnction, has been employed 
in cases of closed pupil, simply for the purpose of making an 
aperture through which the rays of light may freely pass into the 
eye; I purpose introducing it in cases ofpupiUary exclusion also, not 
in order to afi'ord a new passage for the light, but to prevent secondary 
mischief, namely, chronic choroiditis. The above-mentioned law is im- 
portant as the link that connects all these considerations, and its proof 
is to be found in a series of facts, which, that I may avoid as much 
as possible any ayst«matising tendency, I will communicate in the 
same order in which they presented themselves in my clinical studies. 
About four years ago, a man came to me whose left eye was per- 
fectly blind from irido- choroiditis. The eye felt rather soft, and the 
iris was closely applied to the cornea, whilst its ijmer margin was 
drawn backwards so as to form a slight depression. The pupil 
was much diminished in size, and occupied by a white membrane. 
The tissue of the iris was much clianged, and some distended 
vessels ran in its fibre-work, which was of a dull, dirty colour. 
The entire absence of any quantitative sensation of light, and the 
atrophy of the globe already induced, left no doubt about the pre- 
\_ Knee of internal complications (chronic choroiditis with separation 

17 
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of tlie retina). Tlie sight of the patient's right eye was very weak, 
■o that he couid only recognise large objects, and guided himself 
with difficulty. Ad exiuniuation showed evident effects of iritis — 
eynecliin posterior totalis, llie somewhat contracted pupil was to 
ft considerable extent filled with pigmented exudation, but the 
centre was nearly free from them, so that the deterioration in vision 
could not be entirely ascribed to the condition of the pupil, but 
must have proceeded from a complication with commencing chronic 
choroiditis. The iris itself was of n greenish colour, and the knob- 
like protuberances visible here and there upon its surface clearly 
uidicated the commencement of a similar projection to the one, that 
had advanced so far in the left eye- 

The history showed that the disease had begun in both eyes nitli 
simple iritis. Tlie patient was first attacked by a severe inflamma- 
tion, with ciliary neurosis, whicli had retrograded after an antiphlo- 
gistic and mercurial treatment; vision indeed was restored, but 
there still remained some redness of the eyes, great sensibility to 
light, and pain in the forehead and temples. At fre<[uent intervals 
this condition of irritability became so aeule as to pass into a state 
of inflammation, sometimes through colds, and sometimes without 
any known cause ; after which the vision gradually diminished in 
acuteness, and on the left side entirely disappeared. For eight 
weeks previously the patient had not been affected by any visible 
inflammation of the right eye, yet the sight had coTitinued to dete- 
riorate. I suspect that it was since that period that the iris had 
gradually arched forwards. Since antiphlogistics had been already 
employed as far as the patient could bear, and I could not expect 
any benefit from a longer use of the mercurials, vainly tried for 
many months, I trusted entirely to the mydriatic treatment. 
But not the slightest change occurred in the pupil, evidently owing 
to the adhesions being too firm and extensive. Thia form of 
disease commences with iritl", rapidly leads to synechia pos- 
terior totalis, gradually induces a projection of the iris towards the 
cornea, and in the end terminates in chronic choroiditis and atrophy 
of the globe. It has been freely discussed in literature and in the 
clinic, under various names, and with the supposition of difi"erent 
dyscratic causes. All observers have agreed that the prognosis must 
be considered unfavorable from the moment, when the above-men- 
tioned disorgaimation and projection of the iris appear ; and many 
persons, perceiving tlie unsatisfactory course of the disease, have 



IN EXCLUSION OF TUK PUPIL. 259 

been led to infer some deeper disturbance as its source, such as the 
tubercular proceas. 

The failure of all treatment induced me to make an artificial 
pupil in the patient's right eye, and, though led by very vague 
ideas to adopt this course, I believed that the relasation of the 
tissue of the iris, the escape of esuJation situated behind it, and 
the discharge of blood from its vessels and the choroid, might act 
favorably : besides, I apprehended no danger from an operation 
that is so generally harmless. The pupil was formed close to the 
inner side ; there was only a small amount of aqueouis humour in 
the anterior chamber, and it escaped very imperfectly when the 
lanee-shaped knife was drawn out, and even when the forceps 
were introduced.' As I seized tbe iris with the forceps and tore 
its tissue, — in such cases the adhering pupillary margin gene- 
rally remains with the mass of exudation, — a quantity of yel- 
lowish fluid was discharged from the wound ; it was simply the 
exudation lying beliind the periphery of the iris. On opening the 
eye the following day, I saw with delight that the iris no longer 
projected, but that it lay in its normal plane, separated from the 
cornea by a tolerably deep anterior chamber. It was still of a 
greenish hue, but the fibre-work was already not so dull as before ; 
Bome blood in the process of solution lay at the bottom of the 
anterior chamber. Eight days after the operation a more carefnl 
examination was made ; the pupil formed a large colubuma, only 
separated from the nonnal pupil by a small bridge of pupillary 
margin, which bad adliered to the exudation ; the adjoining part 
of the artificial pupil was filled with brownish exudation, or 
perhaps, to a considerable extent, by remains of the pigment-coat ; 
the [leriphery alone seemed free &om it. Tbe iris hud almost 
regained its original colour; the only difference that could be 
detected was a sliglit tinge of green; it lay in its nonnal plane. 
The anterior chamber seemed of considerable depth. The patient 
could count fingers at the dietance of a room, and recognise letters 
' Tliia genendl; occurs in Bjnechia posterior totalis, for tbe iris with tbe 
eiudalion-inembrme formi a complete parlitiou between tlie cavilj of tbe globe 
■nd tbe anterior cbainber, so Ibat ibe iutrB*ocular preasure cannot be trans- 
mitted to tbe cornea, as nonnally, but only to tbe pactilion just mentioned, 
Hence tbe contents of tbe clianiber will eilbur not escape, or only iniperfccllj-, 
or, to speak in more exact terms, tbe escajie will cease vben tlic tension of tiie 
iris bHlancea tbe prenure, aod wben, consequeatly, all positive pressure ceasus 
^^_ in tbe anterior almmber. J 
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of Inrge priut. How was tliis improvement of tlie vision to be 
explained? It could scarcely proceed from a change in the 
entrance of light, for although an additional free apace had been 
gained through the peripheral portion of the artificial pupil, still 
the natural pupil was also tolerably transparent in its centre^, aud 
obviously must allow a clearer perception than that portion of the 
periphery, 1 could not, however, be satisfied with mere reasoning 
on so important a point, 

I therefore covered the whole artificial papil as far as the pupil- 
lary edge, and convinced myself that this scarcely affected the power 
of recognition, and that when the artificial pupil was entirely unem- 
ployed, the patient saw through the central one infinitely better than 
before the operation. The next idea that suggested itself was, that 
tlirough tearing away the iris-tissue, absorption of the exudation ill 
the pupil was promoted, juat as after artificial mydriasis, and that 
eight days having elapsed since the operation, the central pupil had 
become clearer than it was before. It is true, that with tlie nuked 
eye I perceived no difference, but I did not consider that sufficient 
to justify my forming a conclusion. Possibly some slight cloudi- 
ness caused by exudation had cleared away, and this, though very 
ehght, might previously have caused much dissipation of the hght ; 
but the addition of a new pupillary space, and the consequent con- 
ditional comparison as to the degree of bLickness, rendered it very 
difficult to form a decisive opinion ; and I was unable to come lo 
any conclusion by means of ophthalmoscopic investigation, then only 
in its infancy, because the increased amount of light pas.*ing tlirough 
the larger pupillary space might easily induce error about the relative 
transparency of particular parts. It was not until subsequently, 
after I had sufficiently practised oblique illumination, that my views 
on this point became clear. As to this case, I shall only add that, 
without the use of any medicine, the vision of the operated eye 
continually improved, that the patient learned to read small print 
(No. 4 of Jiiger's specimens of type), that for the last four years he 
has never been attacked by iritis, and that he now fills a post requir- 
ing good eyesight, I have since repeatedly examined him; the 
exudations that obstructed one division of the artificial pupil have 
much diminished, and the tissue of the iris has become normal. 

The inefScacy of all other treatment, and the success of this one 
operation, euiboldened me to perform it in many similar cases. 1 
shoidd at an earlier period have published the results, had it not 
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seemed advisable to watch for a long time the cases wliicli liad 
been operated on, so as to ascertain tlie permanency of the results. 

Similar eases to the above were at first the only ones so treated. 
The operation was sometimes performed on both eyes, in cases where 
the irides were pushed forward, yet without marked amaurosia. The 
best possible results constantly followed; the anterior chamber was 
re-formed, the iris resumed its normal texture and position, the eyes 
continued free from inflammation, and there was an important 
increase in visual power. 

Gradually I convinced myself, by oblique illumination, as pre- 
viously hinted, that the increased power of vision teas in no way 
dependent o» reabiorption of the pujiUltLry ej"udiilions, but mas 
entirely to be ascribed to an iiaprovemeni in the choroidal eom- 
plicafiont. I must admit that all cases were not equally decisive, for 
sometimes the central pnpil was so covered with exudation that 
the artificial pupil served for the principal eutrance of light; 
obviously such cases eould throw no light on the subject. 

Amongst other cases there were two especially instructive, in 
which the whole of the artificial pupil was blocked up by the 
remains of the pigment-coat,' so as not to allow the transmission of 
light; on the other hand, the natural pupil showed not the least 
change three weeks after the operation, although only containing 
scanty exudations, which I had previously very accurately examined 
by oblique illumination; and yet the iris recovered its healthy 
appearance, re-formation of the anterior chamber took place, and an 
extraordinary improvement of vision. In one of these cases the 
serous exudation behind the iris was not held back by the pigment- 
coat, but flowed out through the wound, as usually occurs. I 
suspect that some minute apertures, visible at the extreme edge of 
the periphery, though useless for the transmission of light, yet had 
allowed the escape ; whilst in the second case, the pigment-coat at 
first prevented the discharge of the exudation. This was proved by 
its surface being pushed forward so as to form small elevations ; 
probably it had been strengthened by a layer of pigmented exuda- 
tion. Here for the first week no improvement took place, and 

' A proof that ouly tie tissue of the iris haij been excised. Tliia is most 
lijtelj to liappen lu the cases in quesliori of cliroiiic iritis. The greater part of 
the serous exudatioD is indeed situated bcliiud tlie piguieut-couL, betwceu it 
ami the capsule, but tliere is also s tliiu layer of exudation between tli« tianue 
of tlie iris and the pigmcut-coat. 
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hence I determined to reopen about half the wound^ and seize the 
periphery of the pigment-coat with fine forceps. At the moment 
of seizure^ yellowish serum escaped from behind it, and I removed 
my instrument without excising any portion, for I wished to ascer- 
tain whether the formation of a considerable division was required, 
or only the escape of the exudation, with a restored communication 
between the anterior and posterior chambers. The latter proved to 
be the fact, for the desired action followed ; though the tear which 
had been made opposite the edge of the lens appeared by oblique 
illumination very trivial. 

At a later period, constantly becoming bolder, I even performed 
the operation in cases where, after previous iritis with pupillary 
exclusion, atrophy of the globe had far advanced, in consequence of 
secondary choroiditis. Sometimes the periphery of the iris was 
closely applied to the cornea, so as to present some difficulty during 
the operation. Various changes often occurred in the pupil after 
its first formation ; often it was nearly filled with pigmented exuda- 
tion, at a later period it sometimes even contracted gradually into a 
small slit, and almost closed. But I always found some improve- 
ment in the colour of the iris, and the restoration of an anterior 
chamber, to a greater or less extent. This excised the hope that a 
repetition of the operation might ultimately lead to success. Thus, 
in some cases, by iridectomy repeated three or four times, I have 
attained results I had previously considered perfectly impossible. 
Even when the globe has become to some extent atrophied, it 
recovers its healthy tension, the tissue of the iris being at the same 
time rendered normal and the anterior chamber restored. I have 
treated in this manner, at my clinic, a lai^e number of cases in 
which the globe had become very soft, and much flattened by the 
action of the recti muscles, and which were ultimately perfectly 
refilled. A patient still visits me, to whom long since I gave, and 
that from full conviction, a certificate of incurable blindness, on 
account of atrophy of both globes. Now, the operation having 
been performed six times, his vision weekly improves. He can 
count fingers at the distance of some feet, and distinguish all large 
objects and letters of the largest print; whilst formerly he had 
long been limited to a dull, quantitative sensation of light. The iris, 
which was very disorganized, now appears almost normal, the 
anterior chamber has been re-formed, the volume and tension of 
the globe have much increased, and there is only a slight trace. 
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*Kere the rertua inferior is situated, of the flatteuiiigs previously 
visible in all four dirertioiis. Yet, at the same time, the lens is 
very opaque, and the natural pupil is closed by a white membrane, 
so that, in short, his present vision is almost proportional to the con- 
dition of the refractive media. 

Tliat an atrophied globe could be refilled would indeed appear 
somewhat enigmatical if, according to former ideas, we were to con- 
sider it as a positive disease of nutrition ; but, as we have already 
oft-en urged, it is in such cases simply a symptom of choroidal stasis. 
The choroid is the secreting oi^n of the vitreous body, and if ita 
circulation stagnates, the reproduction of the vitreous body will 
necessarily fail, and its volume will diminish. In ciironic choroiditis, 
instead of the normal, an abnormal fluid will be given out for the 
purpose of nourishing the vitreous body, so that the latter will vary 
chemically and quantitatively from its healthy condition.' It is 
evident that, when atrophy has exceeded a certain extent, the eye 
cannot resume its original form. Then effusions of blood or 
serum generally proceed from the choroid (probably to restore, the 
balance of pressure), rendering a perfect recovery impossible. 
But a certain degree of atrophy of the globe from choroidal stasis 
is curable, as is well known to all atlentive observers, and as the 
present observations abmidantly prove. Besides, we know that in 
actual iritis, for example, the globe is often softer tlian in the healthy 
eye, and that this symptom retrogrades as the inflammation disap- 
pears. It is evident that the diminished resistance is owing to 
imperfect secretion {connected with choroidal hypera?mia) of the 
fluid of the vitreous body, for in the volume of the aqueous humour 
there is no change capable of affording an explanation. 

I need scarcely mention that, in regard to the success of our 
treatment, the prognosis becomes more unfavorable as the atrophy 
of the globe advances ; indeed, I have repeatedly observed scarcely 
any result in very advanced atrophy with such antecedents. There 
is a certain limit beyond which a restoration of the choroidal circu- 
lation is impossible, because the permanent changes of inflammation, 
namely, atrophy of tissue and obliteration of the vessels have 
already proceeded too far. Hence we derive the principle that tlie 
operation should be performed as early as possible. 

Other reasons make it advisable. The presence of serous exuda- 

' We cannot at present gire a more accurate account of these comiilicms, 
owing lo insufficient knowledge as lo tlie reproduction of tlio vitreous bodj. 
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tion behind the iris causes in time cloudiness of the lens, leading to 
the develojiment of cataract. This must not be confounded with 
tbose circumscribed opacities in the layer of inf.ra-eapsular celU, 
which follow ahnost every inflammatory affection of the iris. The 
latter do not necessarily lead to the formation of cataract, and 
occasionally disappear at the same time as the exudation in the 
pupil. From what I have observed in some cases this seems to me 
extremely probable, and I have most decidedly observed it in eiperi- 
menting on animals. It scarcely requires mention, that the prognosis 
is rendered much more unfavorable when cataract is developed 
under these conditions, because all methods of treatment arc 
attended with so much risk. lU'jlinatiou is out of the question 
when there is chronic choroiditis. Discision is uncertain, for the 
capsular wounds dilate with great difficulty when iritis has pre- 
viously occurred, and any swelling of protruded portions of tlie. 
lens may re-excite inflammation. Only extraction remains, and 
even here the hardly won success may be entirely lost, if the 
healing process should proceed unfavorably. 

It seems superfluous to atrengtlien the preceding observations by 
detailed reports of cases, especially as most of them were observed 
in my clinic, and in the presence of many competent colleagues, and 
liave also been to some extent published {vide Eothmund, 
'Beitrage zur kiiustlichen Pupillenbilduug,' Miinchen, 1855). 
On the other band, it may faciUtate the general introduction of 
these views, if in a short, summary we consider the various diseases 
to be treated, and the manner in which the operation acts. 

The disease wliich has been termed irido-choroiditis is one that 
presents many dilTerent aspects, and we must particularly distinguish 
two opposite groups, in arranging our cases with reference to our 
present object. 

1st c/ats. — The disease begins with iritis, and without proper 
treatment pupillary exclusion results, whether with or without a 
certain amount of exudation into the pupil is of no importance. 
The existence of pupillary exclusion is partly proved by mydri- 
atics not producing the least reaction of the pupil, and partly 
by oblique illumination, which reveals a circular border of pigmented 
exudation connecting the tissue of the iris on every side with the 
capsule. If for any reaaoTi paracentesis be performed according to 
the usual method of operating, in which no artificial preasore is 
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applied to the cornea, the imperfect escape of the aqueous humour 
will furnish a further but superfluous proof. Vision remains perfectly 
pood in a few cases even after excliisiou of the pupil has occurred ; as 
the rule, however, bulging of the periphery of the iris takes place, at 
first partially, in the form of knobs, and then by degret« aifecting 
the whole ; an amblyopia being at the same time developed, for 
which the condition of the pupil no longer accounts. Delicate 
opacities of the vitreous body are sometimes shown by the ophthal- 
moscope. The globe becomes softer; in short, all the symptoms 
prove the supervention of choroiditis. Most authors bring forward 
the erroneous opinion that the exudation behind the iris, and prei- 
»ing it forward, is iolid. It is true, that there are pigmented exuda- 
tion-membranes beliind it, especially near the pupillary margin, but 
the bulging is explained by serous exudation behind the periphery, 
as loay be deduced from the preceding communications. Nor does 
an examination of the cases collected give any support to the 
opinion that tliis form of iritis depends on some special condition of 
the constitution ; it only diifers from ordinary iritidea, such as occur 
after colds, or without any apparent cause, in the very rapid 
formation of synechia posterior totalis, without much exudation in 
the pupil — -a result that ia not attributable to any peculiar quabty of 
the disease, hut for the most part to a defective treatment or one 
commenced too late. Tlie arching forwards of the iris is simply a 
eousequence of the pupillary exclusion, and of the serous exudation 
on the posterior surface. Hence it loses its specific character, just 
as the form of the pupillary distortion prev-jously did. The question 
naturally arises, why exclusion of the pupii sometimes does not in- 
duce bulging of the iris ? I cannot answer satisfactorily. Difl'er- 
ences in the circulation of the iris itself may partially account 
for the dissimilarity of cases, for the vessels sometimes are 
obbterated to a considerable, and sometimes only to a slight extent ; 
there is occasionally, however, even when the s^mechia posterior 
seems to be complete, still a communication between the anterior 
chamber and the layer of fluid situated beliind the periphery of the 
iris, the fluid passing tlu-ough the exudation which adheres to the 
pupillary margin, or through some very small apertures, occasionally 
formed in the atrophied tissue of the iris, 

id class. — Choroidal clianges commence the disease, iritis occur- 
ring as a sex:ondary complication. I have already pointed out 
(A. f. O., Bd. i, Abth. i, S. 367) that extensive retinal eepara- 
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tions, arising tlirough lucmorrhage or serous etfu^ions from the 
\ choroid, generally excite in their progress a reactionarj' iiillamina- 
; tion of the internal membranes', and consequent exclusion of the 
pupil. Cataract often occurs at the same time as the iritis ; it Bome- 
tiines precedes it, and thus we have cataracts accreta in eombination 
with pupillary exclusion. In general, central capsulur cataracts are 
also formed, and extend over the greater part of the pujjil — an impor- 
tant diagnostic sign, as from their presence' we can conclude with 
the greatest probability as to the existence of retinal separation. In 
these cases, also, arcliing forwards of the iris generally commences 
after the occurrence of pupillary exclusion, then atrophy of the globe, 
and eventually the appearance of the disease may very closely re- 
semble the one described above. The differential diagnosis of the 
two fonus of the disease is the more important, because their prog- 
s is very different. The history demands especial attention. In 
the latter form the disease begins witli characteristic symptoms of 
retinal separation ; contraction of the field of vision generatlv com- 
mences at the upper part, gradually advances, and eventually leaves 
hut httle power of recognition, which is usually in the direction of 

■ outwards and downwards, combined throughout with partial, oblique, 
and distorted vision, Inrtanmiations only appear at a luter period, 
•nd are, as a rule, attended with little irritation, owing to the pre- 
Tioua atrophy of the vitreous body and diminution of the intra- 
ocular pressure. In the former group, on the contrarj", the disease 
commences nith well-marked inHammations, which periodically 

Ire-cur, and are generally accompanied by ciliary neuroses; at the 
Bsme time the power of vision is ut first tolerably good, then gra- 
dually impeded by a uniform haziness, hnt without contraction of 
the iield of vision. It is unfortunate that here, as in other eases, 
the history is often deficient. Its value varies extremely, according 
to the patient's power of observation and accidental circumstances. 
Oning to the disease generally cflmmencing on one aide, the dis- 
tnrbances of vision often completely escape the patient's notice, and 
the 
«.. 
opa 
otoi 



c sucli capsular opamtica must not be confuunded witli pupillary 
I enidalionB. Tlieir enact determi notion is generally impossible whrre exten- 
I Hje iritic deposils litve been cotomporaneouslj rurnied. Cnpsukr OjMwitin, in 
I tlie form or separate lilies, proceeding from tlie periplicrT, and projueting into 
; tkiJ region of liie pupil, occur in all forms of cwarscl, especiaJlj in very old 

~ are in no vny cliuracUrial ic ; but lar^, vliilc, capsulnr pa1cbc% 
embracing til e pupiDar; apnee, Uie lens being altlie same time as yet iiriperfecUy 
' otouded, itive, with the gceateat probability, tbe diaguostio sign meaiioncd. 
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it is, consequently, very important to posseas, for still later periods, 
ol^ective diagnottic iign». These depeud in part on the examina- 
tion of the tissue of the iris, which usually suffers more when the 
disease begins with iritis, than when with separation of the retina. 
Examination of the lens, when possible, may assist. Indeed, as 
already stated, the formation of cataract usually precedes, or at 
least accompanies, the irido -choroiditis, in cases of previous retinal 
separation ; whilst in the former group opacity of the substance of 
the lens is developed only at a very late period, when projection of 
the iris has far advanced. Practically, however, the patient's /jower 
f^ perceiving light (Licht^chein) is the most important sign. An 
examination, made according to the principles given in the A. f. 
0., Bd. i, 2, S. 257, discloses a very different condition in the two 
groups J though the perception of light is much less in both than 
would be proportional to the anterior opacities, still it is by far the 
least in cases of retinal separation. In these cases, also, the light is 
much better perceived by the upper than by tbe lower portions of the 
retina. WTien there is separation of the retina, and the pupil pre- 
sents a free entrance for the light, the patient will be quite unable 
to perceive the light of a lamp which is placed in the upper part of 
the field of vision; in the present case, however, owing to the diffu- 
sion of the light, the superior portion of the retina will be affected, 
whatever be the position of the lamp; and yet there will usually be 
a quantitative difference in accordance with the situation of the ob- 
ject. This criterion, also, is lost when there is total blindness. 
The primary effect of secondary choroiditis is usiially exudation into 
the vitreous body. In these eases of complete loss of vision, retinal 
separation has occurred as a secondary affection, even though the 
disease began with iritis; all treatment is useless. 

To return to the treatment. I have found that iridectomy only 
effects a radical cure in i\\e Jirsl group of cages. I have often tried 
it al«o in irido- choroiditis, residting from retinal separation, and 
have generally seen any existing irritation relieved. Under certain 
circumstances, I might even recommend it for these cases (at the 
same time cautioning the patient with regard to tUc future result), 
and should be especially inclined to advise it when a sjTnpatlietic 
affection of the other eye threatens to break out during the long- 
continued irritation of the eye first affected [vi4e in/ra). But no 
real restoration of vision can e\'er be expected; more true is the 
principle, that extensive separations of the retina lead to per- 
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feet amaurosis, with atrophy of the globe, profiled reactionary 
iiiflammatioii of the internal meinbraues has once been induced. 
On tlie contrary, we can depend upon the action of iridectomy in 
the former cases, and with the greater certainty if the iierception of 
i_ light be good {vide loc. cit,), and the atrophy of the globe not too 
I far advanced. Tlie best and most certain results, however, are ob- 
I titined where there is total adhesion to the capsule, yet no prominence 
I of the iris. It is true that the advantages of the operation under 
I these conditiims ap]jear somewhat dubious to the young practitioner, 
in general the vision is still moderately acute, and frequently 
even small print can be recognised ; and besides, it is not absolutely 
I certain that secondary choroiditis i^iil be developed. Notwithstand- 
ing this uncertainty, however, I cannot recommend delay if the 
other eye luis become amaurotic through the elTects of the disease, 
for the possibilities of success might be materially lessened by the 
occurrence of choroidal comphcationa or the formation of cataraet. 
Besides, I can dispel the uaturjJ fear that the vision may suffer 
J from the operation. I term tliis fear natural, because, under the 
circumstances, certain dioptrical irregularities cannot be avoided. 
In particular, the pupillary margin, adhering through pigmented 
exudation, will remain in its fonner position, and separate the arti- 
ficial from the central pupil; and when the pupils are excentric 
there will be imperfect aecommodation, which might occasiou double 
vision. Pigmented exudation will be deposited on the capsule in 
the more central part of the artificial pupil, and might in some de- 
gree dissipate the bght ; even the greater size of the pupil, its peri- 
phery being opposite the edge of the lens, might have some influence 
by causing dazzling. But, practically, these dimbts are unimpor- 
tant, assuming that no extraordinary dimension be given to the arti- 
ficial pupil. We can provide against these contingencies, and any 
possible disfigurement, by placing the pupil entirely beneath the 
upper lid, when the patient will still see through the central one. 
Thus we obtain the desired action on the chronic iritis, without in 
any way altering the dioptrical relations. I employ this mode of 
operating when the middle of the central pupil is perfectly clear, 
but in all other cases I form the pupil on the inner or lower side, 
and have never seen the vision impaired, even in patients able to 
read the print No. i of Jager'a specimens. 

Tlie question arises, whether patients on whom iridectomy has 
been performed, on account of synechia posterior totalis, remain 
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rciilly frep from recurrences of iritis ? I must answer affirmatively 
foe bj far the majority of cases, and after what has been already 
stated, I should not return to tliis point had there not appeared an 
apparent contradiction with the principle that the recurrences of 
iritis are usually owing to posterior syuechiEe. Certainly these are 
by no means entirely separated through iridectomy, for the pupillary 
margin, not falling within the reach of the operation, continues lo 
adhere to the capsule. A priori, I myself should scarcely have be- 
lieved tliat the formation of an artificial pnpil woiJd prevent the 
injurious action of the remaining adhesions, yet this has beeu amply 
proved by experience, and to some extent we are entitled to seek for 
a sufficient explanation. By excision of a part of the iris, the ten- 
sion in the muscular structure must be materially altered ; hence the 
tendency to inflammatioji is so far diminished, that the adhesions no 
longer cause disease. But I believe the change in the circulation is 
of still greater importance. Without referring to the immediate 
hiemorrhage and escape of aqueous humour, the size of the iris is to 
a certain extent diminished after the operation. Now, if the cham- 
ber be afterwards refilled, and apparently iu a normal maimer, the 
diminished iris must relatively se-crete more aqueous humour than 
before, and thus the vessels of the irla must bojconstantly relieved to a 
greater extent. The condition must somewhat resemble that caused 
by the periodical repetition of paracentesis; the antiphlogistic influence 
of the artificial pupil will be, however, far greater, for in this case the 
relief is continual, whilst in the former the vessels become temporarily 
congested (ex vacuo) after the sudden escape of the aqueous huinour. 
I have elsewhere stated my views as to the action of both constant and 
periodical rehef of the vessels in inflammations, and my opinions are 
unchanged in any material point. Still, I do not imagine that I 
can give an exact explanation of the action of iridectomy in clirouic 
iritis. I have simply endeavoured to eglablish a /act, and shall be 
perfectly satisfied if my suppositions give an impetus to investiga- 
tion, and lead to the discovery of a better explanation. So much on 
iridectomy in total adhesion to tie capsule. 

Where there is already jwoMi»«we of the trie, there are almost 
always signs of a commencing choroidal amblyopia, and even when 
absent they may be confidently expected, so that the operation 
should never be delayed. On the supposition that a large and soHd 
mass of exudation was situated behind the iris, some difficulty in opc- 
mting might be feared, but provided there is still a small anterior 



ORAKrp. ON IBIDECTOMT 




chamber, tliia is by no means the case, for the iris, which 
pressed forward by seriun, readily passes between the blades of tile 
forceps. As the effects of iridectomy in such cases have been 
already fully esplaiaed, I shuU only add acme general obs«rvatioiia 
on the process itself. 

1. What is tberealnatureof the so-called secondary choroiditis? 
As already mentioned, the ophthalmoscope occoaiouolly reveals very 
delicate diiTuse opacities of the vitreous body; sometimes, however, 
we conclude titat it is clouded, only ^m the uniformly dull ap- 
pearance of the back of the eye. Where a clear detiuition is possi- 
ble, the retina presents no abnormal appearance. In the choroid, 
especially towards the equator of the globe, the great vascular trunks 
are extremely large ; yet I cousider this leaa important than the de- 
velopment of the chorio-eapillaris, of which the finely stippled 
meshes (in the direct im^e} entirely disappear, so that an uniform 
redness is spread over the stratum of citemal vessels. Hence 
hyperBeraia of the chorio-capillaris with morbid imbibition of the 
vitreous body must be regarded as the point of origin of the 
secondary choroidal affection, and indeed 1 believe tliat organic 
changes in the venous layer do not occur until the disease has made 
considerable progress; otherwise we should find traces after the 
disease had retrograded, owing to iridectomy. Hence we perceive 
the possibility of perfect restoration. Of course, at a later time, the 
effusions, retinal separations, &c., are too extensive; and thus the 
prognosis is essentially changed. 

3. it is also a question whether the exclusion of the pupil and 
the choroidal affection are essentially connected ? It might indeed 
be muinlAined, that choroiditis results entirely from extension of 
the inflammation, as woidd naturally ensue, owing to the vascular 
continuity between tlie iris and cluiroid. But how is it that this 
extension of the iuJlammation cannot be prevented ? It, I believe, 
depends on the exclusion of the pupil, as the recurrences of iritis 
depend on Ihe presence of posterior synechia. As proofs, we have 
the action of iridectomy, after which the choroidal alTection ^nta^ 
neously diminishes, and also our experience that the changes in the 
choroid seldom occur, when the treatment is otherwise correct, pro- 
Tided we obtain even the slightest dilatation by means of mydriatics, 
and so break tlirough the posterior adhofious. 

3. We yet require a thorough analysis of pupillary exclusion, 
considered as a mechanical agent, and though, notwithstanding some 
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previoua investigation on tlie subject of intra-ocular pressure, I mnj 
yet be unable to give any decided explanation, this much is cer- 
tain tliatj when the pupil is excluded, the pressure both in the 
posterior parts of the eye, and in the anterior chamber must change 
— an alteration that may materially affect the circulation. On the 
other hand, it is also possible that, through stoppage of tlie comiau- 
nication with the anterior chamber, the fluids do not pass to the 
cornea in a normal manner, and tliat thtis the conditions of secre- 
tion and difi'usiou become abnormal. This view seems supported by 
the fact, that when exclusion of the pupil has been formed, aerou3 
fluid collects behind the iris. After the performance of iridectomy in 
this state I have never exactly seen reoitrrencet of irilh ; I liave, 
however, observed some cases of imperfect resolution. In these in- 
stances, I have noticed a large accumulation of pigmented e:tudation in 
theartiflcial pupil, which has gradually lessened throughthe contraction 
of these and slill more recent effusions. But as there was evidently 
some improvement in the t«sture and colour of the iris, it was 
clearly indicated i« repeat the operation on an adjacent spot; for 
the result of this proceeding, I refer the reader to my previoua 
remarks. 

The suspicion lias been expressed, that the disease may be only 
interrupted, but not cured. lu general, when vision has not been 
entirely lost, the choroidal compUcatioit recedes by degrees. This 
has been partly proves! by ophthalmoscopic investigation, partly 
by testing the acuteuess of vision. The vitreous body continues to 
dear for many months, and generally becomes completely trans- 
parent ; it is only occasionally tliat opacities are left. On the other 
hand, the formation of cataract is a secondary result, which must 
not be passed over in silence. I have akeady mentioned that, 
where there is serous exudation behind the iris, the substance of the 
lens generally becomes clouded. If the projection is recent, and 
but to a small extent, it is not certain we shall find any opacity of 
the lens when we make an artificial pupil ; but if it has existed for 
a long time, and has hr advanced, we shall rarely find a lens per- 
fectly unaffected. These opacities, which generally proceed from 
the central layers' of the lens, may by obhque illumination be clearly 
distinguished from those intra-capsular opacities accompanying iritic 
deposits, to which I have so often alluded. It is surely unneces- 
sary to mention the possibihty of confounding it with an accidental 

' I liavc once aeen a perfecUj tjpical stralum-oataract (Scliiclitataar) deve- 
loped after exclusion of llie pupil tciifc A. f. 0., Bd. ii, Ablh. 1, S. 373). 
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cataract — one caused bj the operation for artificial pupil, for such 
a case might be distinguished by the wound in the capsule, its 
rapid development, &c. Tliis opacity of the lens may remain long 
stationary after its cause, the exudation, has been evacuated, but it 
may also continue to gradually develope, so that after some years the 
improvemejit in vision is again lost. Then extraction of the cataract 
becomea necessary and to effect this the artificial pupil must gene- 
rally be enlarged by removing an adjacent piece of the iris, either at 
the same time as the extraction or some weeks previously, When- 
ever possible, the centre of the llap-incision should be opposite the 
middle of the artificial pupil, for then the edge of the lens passes with 
greater ease through the corneal wound. Even in young persons 
the hnear incision is seldom indicated in these cases ; for the cata- 
racts, which occur after iritis, even when they do not contain a hard 
nucleus, are always viscous, and are enclosed in a firm capsule, pro- 
bably tliickened by deposit, so that they do not readily pass 
through a linear wound. It is evident that it is not very pleasant 
to extract under such circumstances, and yet the results are more 
successful than would, a priori, be expected. I believe that ex- 
tensive statistics would show results not much inferior to those of 
extraction under normal conditions — an apparent enigma explained 
by the presence of the artificial pupil, We know, that in tlie un- 
fortunate termination of extraction, suppurative inflammation of tins 
portion of the iris bruised during the exit of the lens forms an essential 
factor, indeed sometimes the point of origin ; and it necessarily follows, 
that the injury done by the operation will in general be far less 
when this part of the iris is absent. It is chiefly owing to the 
occurrence of turbidity of the lens," with which the ulterior forma- 
tion of cataract is connected, that I adrise the immediate employ- 
ment of iridectomy in pupillary exclusion, but consider it indicated 
even before serous exudation has collected behind the iris. 

Most difficult is it to determine the indications and prognosis of 
the operation, when atrophy of the bulb has been already induced. 
Here, the pupillary space being entirely obstructed, we can only 
estimate the changes in the deeper parts by exaznining how light is 
perceived.' If the perception of hght is very slight, so that the 
patients can only just perceive a very bright lamp, held close before 
them, we must not expect from the operation any improvement in 

' Bj this nieaofl we are e^en able to recognise improvemeiita iu atropliied 
ejea from the use of inturual means. During a trealmenl bj tbe sublimate I 
have repeatcdij observed au bcrcased qiiaiititalivc [lerccpliun of light. 



IN IKIDO-CHOROIDITIS, ETC. 273 

tlie vision of the affected eye. If the perception of light is of 
modemte range, so that a bright lamp is perceived at the distance 
perhaps of four to ten feet, and a medium lamp close at hand, the 
most important point is to ascertain whether all parts of the relina 
are equally sensitive, or whether there are difl'erencea indicative of 
aecondary retinal separation. In the latter case the prognosis is 
always unfavorable; in the former, on the other hand, the opera- 
tion, repeated according to circumstances, aflbrds some hope. If 
the light is better perceived, so that a medium lamp can be recog- 
nised at the distance of a room, and also the light and shadow of a 
lowered lamp a few feet off, and at the same time the excentrio 
impressions are symmetrical, some improvement may be reasonably 
expected. It is evident that the degree of atrophy must also be 
taken into consideration. If it is more concentric, », e. if the flaf- 
teuings in the direction of the recti muscles are not conspicuous rela- 
tively to tlic diminution of the eyeball in size ; if, in a word, the 
globe is tolerably regular in form, the prognosis is more favorable 
than in the inverse case. For we may then conclude that the 
sclerotic has contracted concentrically during the chronic choroiditis 
and diminished secretion of the vitreous humour, and that after its 
new position of equilibrium has been estabbshed by corresponding 
modifications of tissue, the form of the globe has continued, even 
when improved choroidal circulation allowed a more abundant 
secretion of vitreous humour. On the contrary, when the flattenings 
are much marked, the sclerotic itself exercises no pressure on the 
contents of the globe, and hence the diminished volume must be 
entirely ascribed to the insufficient action of the choroid. 

The first form of atrophy is especially developed in youth, when 
the sclerotic is more elastic. We know, that when morbid processes 
have occurred during the years of childhood, esi^cially soon after 
birth, the affected globe sometimes remains small, but regular, which 
is generally expressed in practice by saying that the development 
of the bulb has been arrested. I have even succeeded in tracing 
a similar connexion in many cases of microphthalmus congenitus. 
Certainly this disease more often depends on fcetal diseases than 
on arrests of development. In two cases of microphthalmus con- 
genitus, lately under observation, I found, by means of the ophthal- 
moscope, large choroidal deficiencies in the equatorial region, just 
such as are found (as atrophic patches) after circumscribed choroid- 
itis has run its course in adults. I performed tenotomy for strabis- 
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musj on one of these eyes, in a child aged two years ; on the second, 
in a child aged ten mouths, I made an artificial pupil on the inner 
side, on account of a large central capsular cataract. So far as 
could be ascertained by trials of vision at bo lender an age, neither 
eye seemed very weak-sighted; in the latter, the ophthalmoscopic 
CKamination conld not be made prfviously to the operation for 
artificial pupil. 

I have once even had occasion to make an arti6cial pupil in an 
eye, which was probably affected with the results of irido-choroiditia 
at birth, I partly suspect tliis from a medical report extending 
from the earliest infancy, partly from the liiskiry, according to which 
the patient was always restricted to an inconsiderable perception of 
light, and partly because the diminution in size was far advanced, 
yet perfectly regular. Tlie indi\"irtual, n delicate girl of eighteen, 
presented symptoms which showed that internal infianunatioos 
were still continuing in both eyes. Both globes were very much 
lessened, but at the same time regularly round, the muscular veins 
extremely developed, and the aqueous humour muddy. Tlie greater 
part of the pupil was filled with a shrivelled, calcareous cataract, 
which adhered to the margin of the iris ; after the use of mydri- 
atics it presented {as seen tlirough the muddy anterior chambex) 
a slight, tolerably distinct projection inwards. The mydriatic treat- 
ment, and various other means, having been unsuccessftil, vision also 
having continued to diminish during a year, and finally having be- 
come reduced to a dull, quantitative perception of light, 1 resolved to 
form a pupil in the left eye, and was much astonished ai the excellent 
influence gradually exerted over the whole eye. The case appeared to 
me the more instructive, be<'ause in the eye which had not been opera- 
ted onl had a constant representation of the previous condition. Tlirec 
months after the operation the subconjunctival veins had almost 
perfectly retrograded, the anterior chamber was clear, the pupil per- 
fectly transparent, except that it was covered to a slight extent by 
the calcified and floating lens, whilst in the right eye all reumiiied 
in its former condition, llie vitreous body, which could now be 
readily examined through the large pupil, was somewliat muddy for 
from six to eight weeks, but then perfectly cleared, Tliere were no 
appearances of disease in the retina, excepting that tlie vessels were 
very small ; the papilla nervi optici a little smaller and whiter tlian 
usual, and the central art«ry especially very delicate (symptoms of an 
imperfect develt^tmeut of tiie optic nerve and retina). The choroid. 
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I iolerablj nniformly deprived of its layer of pigment, presented no 
\ essential clianges, except a few places in the equatorial region, where 
I the tissue was atrophied. Only foiir weeks afttr the operation the 

patient could count fingers. Now, she exercises the eye with 
L convex glusaes, in recognising figures and letters of large size. The 

Tolunie of the bulb has not in the least changed. 

Having proved the curative action of iridectomy in those forms of 
irido-choroiditia which are preceded by iritis and pupillary exclusion, 
I tried it in otlier and veiy different conditions, which, for the sake 
of completeness, I shall aucceasively enumerate; in doing so, how- 
ever, I sliall he obliged somewhat to repeat myself. 

In the first place, I shall mention the cases already adduced, 
where irido-choroiditis resulted from retinal separation. As already 
remarked, there was no special improvement in vision, but, on the 
other hand, the internal irritation was alleviated, a point that was 
often of importance to the healthy eye. In most cases, the greater 
part of the artificial pupil was filled by a cataract of previous 
formation. 

Secondly, I operated on those eases of irido-choroiditis well 
known to ail observers, but very variously named. In this form 
the symptoms of irritation are not very severe ; there is difliise hazi- 
ness of the aqueous humour, with no great amount of pupillary 
exudation, without contraction, ofteu even with dUatatiou of the 
pupd. In this stage of the disease it has been termed descemetitis, 
hjdromeningitis, aquo-capsulitis, iritis serosa, &c., to which symp- 
toms, contemporaneously or at a later period, there are added hazi- 
ness and softening of the vitreous humour, (very fine floating 
opacities), great tremulousneas of the iris and crystalline lens, 
generally terminating in retinal separation, cataract, &c. Guided by 
the anatomy of former days, this species of disease has been supposed 
to be an inflammation of the serous tract lining the whole interior of 
the eye, and even if no part of tliis conception still remains — for the 

Ihydromeningitia is an iritis, and the hyaloiditis is a choroiditis — still 
(by the deJicate nature of the commencing exudation, their suapcii- 
■ion in the fluids, the absence of firmly adhering exudatiou, fee.) 
this form of disease is sufTiciently distinguished from other forms, 
(or it to occupy a distinct place in nosology. The rapid appearance 
Bnd disappearance of the difl'use opacities are to some extent charac- 
teristic. I have sometimes seen the aqueous humour become turbid 
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aud again clear within an hour; I have seen it become clear, both 
spontaneously, as after sfcep, and after treatment such as bleeding, 
incisions into the layer of subconjunctival vessels, diaphoresis, &c. 
The opacities of the vitreous body never clear away so rapidly. 
Since, as the rule, success may be attained by other means in the 
first stage of this disease, I only performed iridectomy in some old or 
desperate cases, and as their number merely amounted to six, I have 
been unable to come to any decision, but am incUned to repeat the 
trial, from the results in two instances having exceeded all expecta- 
tion. Only I should recommend a very gradual withdrawal of the 
instrument, as the greatest care should be taken to prevent too rapid 
escape of the aqueous humour, because separations of the retina 
and intra-ocular haemorrhages are very hable to occur. This pre- 
caution is equally important in paracentesis. 

Thirdly, I have operated in sclerotico-choroiditis. I mean cases 
in which sclerotico-choroiditis posterior had gradually extended to 
the anterior parts, and had induced a total ectasis * of the bulb 
(hydrophthalmus), haziness of the vitreous body, and atrophy of the 
choroid. I have not seen any injurious effect from the formation of 
an artificial pupil, but neither have I been convinced of any curative 
action, so that at present I cannot recommend imitation in similar 
cases. 

Fourthly, I operated for extensive corneal afl!ections, with and 
without iritis. I was induced by certain cases in which the corneal 
disease not having run its course, it was evident that an artificial 
pupil would ultimately be required, and owing to other circumstances 
the operation could not be delayed till the afl'ection of the cornea 
had ended. Listead of the operation inducing any redevelopment 
or aggravation of the disease, I almost constantly remarked that after 
the formation of an artificial pupil, the filling up of the corneal ulcers, 
and the clearing of the opacities, as far as was possible, proceeded 
with extreme rapidity and success. Years ago this led me to the 
idea of performing iridectomy, with the design of shortening the 
duration of corneal affections. Of course this treatment must not 
be employed in cases where the corneal lesions may be expected to 
heal without injury to the central pupil; but only where total 

^ Ectasis, according to Njsten, is a word proposed by Graefe to denote all 
diseases characterised by a condition of dilatation ; introduced by Breschet into 
general use under one form — phlebectasie — it has, I think, so found its way 
into some English works. — Tbans. 
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deatructiou of the cornea is to be feared, as in spreaduig abseessps 
with infiltration of pus (eit<;rsenkung), or where the recovery which 
may be expected renders an increased size of the central pupil de- 
Hirablc, as when we cau foresee the formation of large cicatrices 
in the centre of the cornea. I disapprove of iridectomy when the 
corneal disease depends on a blennorrhoic affection of the conjunc- 
tiva, for by curing the bleiinorrhcEa the corneal process has always 
a very favorable termination, at least in a relative sense, and at a 
later period we can better determine the condition in reference to 
forming an artificial pupil. Besides, owing to the presence of 
blennorrhoic secretion, the wound might endanger the eye, and it 
would abo interfere n-ith the application of caustics, a point never 
to he neglected. For the same reason I am opposed to it when the 
corneal affection depends on diphtheritis, or an acute granular pro- 
cess; on the other hand, the operation is advisable in idiopathic 
diseases of the cornea. In very extensive central abscesses, with 
infiltration of pus and hypopion, filliug half the anterior chamber, I 
have often combined iridectomy with evacuation of matter from the 
anterior chamber, when the only object was to save the eye,and I 
have been highly satisfied with the result in this and similar cases. 
How is this favorable influence of iridectomy to be esplained? Does 
it arise simply from the puncture of the anterior chamber? It 
might be so, wliere (he anterior chamber is annulled or diminished 
for some time after the operation, through the continued escape of the 
aqueous humour, for oidy uuder these circumstauces do we find that 
paracentesis exercises that curative action on corneal lesions which has 
been so often praised {vide A. f. 0., Bd. i, i, 8. 334). But in the 
present case this is only a most exceptional occurrence, for the wound, 
which is placed on a healthy portion of the corneal margin, quickly 
closes. Escision of a piece of the iris must necessarily influence the 
accretion of aqueous humour. Though we have already attempted 
to prove that the remainder of the iris relatively secretes more, still 
a perfect compeusatiou is not probable, and heuce a certain diminu- 
tion of the intra-ocular pressure may be readUy admitted ; besides I 
have sometimes found, weeks after unilateral operations (under the 
usual indications), that the eye on which I had operated still 
was softer to the touch than the healthy one, I suspect that this 
continued dimmution of intra-ocular jjressure explains the curative 
action of iridectomy in corneal lesions, and that in this respect it 
L ia allied with the mydriatic treatment and paracentesis. Further, 
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I must not omit to mention that in acute and deeply penetrating 
corneal lesions iritia ia often imnotiwd, and that it is very difficult 
of control, owing to the affection of the cornea. Central corneal 
abscesses with hypopion are often accompanied by iritis, a com- 
plication that, under such circumstances, should always be suspected 
when the pupil does not yield to an energetic appbcntion of mydri- 
atics, though, at the same time, the eye is not very irritable. I 
consider tliis suspicion justified by the fact, that in these very forma 
of corneal disease atropine is more readily absorbed into the anterior 
chamber than in others [e.g. diffuse, interstitial, or deep exuda- 
tions). Besides, aft*r atropine has been applied, the existence of 
iritis can sometimes be shown by irregularities, little indentationB of 
the pupillary margin, S:c. Indeed, I believe that it is precisely the 
combination of iritis with central corneal abcesses that explaina 
the occasionally unsatisfactory termination of the latter. Iridectomy 
is beneficial in both respects. 

Fifthly, I have operated in cases where the lens had become 
swollen, with the view of preventing its injurious eti'ect, both 
after disctsions and accidents. Elsewhere I have indeed maintained 
that the extraction of the swollen lens by the linear operation is the 
best coarse to pursue ; but there are exceptional cases, where iridec- 
tomy must be performed instead, before, or at the same time- 
After accidents we often find the iris wedged into the cornea, the 
pupil being exceedingly distorted and diminished in size, combined 
with traumatic cataract. I presuppose that the swelling of the lens 
is moderate in amount, and that it is only threatening to the eye 
because the pupil is very narrow, and hence the pupillary margin is 
irritated by the projecting pnrts of the lens. Under such conditions 
we meet with the outbreak of iritis, and yet we cannot perform n 
linear extraction, for, without referring to the impediments possibly 
presented by the iris, the imbibition of the lens is yet incomplete. In 
such cases I have often enlarged the pupil by iridectomy a few days 
after the injury, and then had no further occasion to interfere with 
the natural process of reabsorptioii, owing to the swollen lens no 
longer exercising an injurious influence on the iris. In other cases, 
where the imbibition of the lens has already far advanred, excision 
of the iris should lie combined with linear extraction of the whole, 
or of its softened portions. These are no theoretical propositions, 
but methods I have tested in numerous cases. If the lens has 
become very swollen, and iritis has already commenced, no time 
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must be loat in performing iridectomyj which, according to circum- 
stances, must be combined or not with the removiil of the lens. 
The degree of inflammation can never be conaidered a con tra-indi ca- 
tion. In truth, there is no treatment which, under such conditions, 
hu 90 decisive an antiphlogistic action as iridectomy. Superficially 
considered, it might seem absurd to interfere with the iris, and not 
at tile same time with the leas, which nets the part of a foreign 
body, but the danger is produced through the pressure exercised by 
the swollen lens on the iris, and hence the chain of iTijurious effects 
win be interrupted by the ojwralion on the iris, eveu though the 
original cause remains. It is, of course, far more satisfactory to 
remove, at the same time, the cryatalhnc lens ; but I cannot too 
often repeat that no force should ever be used in attempting 
removal by a linear incision; the softened portions of the lens 
readily escape when the operation is properly performed ; the 
removal of portions of the lens, which are not softened, and which 
adhere with extreme tenacity, by repeated introductions of Daviel's 
Bcoop (curette), &c., is dangerous, and also in some respects un- 
necessary, because these portions do not afterwards aft'ect the eye. 
The operation for artificial pupil is employed aft-er discisions as 
after accidents. In young persons a swelling of the lens, producing 
iritis, is usually accompanied by a softening of the lens, of such a 
character that we receive the most assistance from linear extraction 
(vide A. f, 0„ Bd. i, i, 8, 255). In elderly persons, on the other 
hand, the tendency to iritis is so great, that loosening of the cortical 
aubstance, even to a moderate amount, readily excites chronic iritis. 
In consequence I have avoided, as far as possible, operations of 
discision in adults, for I cannot agree with the experience of English 
authors, especially of Jacob, as to the excellent action of keratonyxis 
iu partially softened cataracts, even of old persons. The occurrence 
of iritis, even though chronic, operates most powerfully in prevent- 
ing reahsorption, for the capsule, thickened by deposit, is incapable 
of expanding or contracting. It matters not what future treatment 
of the cataract be intended, iridectomy should at once be performed. 
In some cases we may form the artificial pupil at the upper part of 
the iris, as previously mentioned. 

For a similar reason, iridectomy may be indicated in cases 
where a small foreign body, such as a fine chip of metal, lias 
pierced the cornea, and is firmly fixed in the iris. All hope of its 
becoming encysted, &c., must be abandoned, when tlie irritable con- 
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dilior is of some continuance; we must then excise, at the same 
time, both the foreign body and the adjacent portion of the iris. 
Tliis is far safer practice than to attempt to extract simplj the 
foreigin body. I advise the latter method only when the foreign 
body is of considerable size ; in other eases, it is generally impos- 
sible to remove it done. In fact, after the escape of the aqueous 
humour, a fold of the iris invariably falls within the gn«>p of the 
forceps, and it is scarcely possible to extract, without seizing the 
iris, a metallic sphntcr that can hardly be seen. When such an 
improper proceeding is employed, haimorrhage into the anterior 
chamber generally occurs, the body can no longer be seen, and we 
entirely fail in our object; even if we eventually succeed in ex- 
tracting it, after having, in various ways, injured the anterior surface 
of the iris, inflammation generally ensues. I have already suffi- 
ciently called attention to the fact, that vision is practically unaffected 
bv the formation of an artificial pupil, and the advantages of pre- 
venting iritis are most important. Witli similar curative views, 
iridectomy may he applied even to flap-extraction. I do not mean, 
when posterior synechise positively require an enlargement of the 
pupil, but when the conditions are in every respect of an ordinary 
nature. Excision of a contused portion of the iris will generally 
be advantageous, for it often excites deleterious inflammations in 
cases of extraction where the exit of the lens ha-s been attended 
with great difficulty. Hence after the removal of the lens I make 
an ariiificial pupil at the upper part, not ordy on account of pro- 
lapsed iris, inaccurate position, &c,, but in the not unfrequeut 
cases where the iris has been violently contused during the passage 
of the lens. Iridectomy must not be delayed until sj-mptoms of 
inflammation have appeared, for it is most critical to operate on the 
eye at such a period after previous flap-extraction; it is better to 
perform it immediately after removal of the lens. I'or those who employ 
the upper section the ultimate change of position of the pupil is of 
no importance, for by ])ropcr miuiipulation the displacement of it up- 
war<lB is only alight, and not as when there is a considerable prolapsus 
iridis, or when a piece of the iris is excised owing to its slipping 
before the knife. The natural pupil preserves its central position, 
being only continued by a smaU colohoma in the direction of the 
Gomeal incision ; lliia colohoma too is covered by the upper lid. 
The experience of most observers is iu favour of the opinion that 
the cases of operation in which the iris is excised by the fault of the 
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operator do not terminate more unfavorably tlian normal cases, 
altliough the pcrfonnauce of the operation ia much complicated by 
the hremorrhage, &c. Certain persons have suggested to me the 
idea of forming a pupil at the upper part some weeks previous to 
the operation, and I can only oppose it because it would be super- 
fluous in an infinite majority of cases, and would not be very com- 
patible with the limited period which the patients could remain, &c. 
On the other hand, it might be defended on the ground of seeurifj 
and prophylaxis. 

Lastly, I have performed iridectomy even in a perfectly blind eye, 
simply on account of the other one. Chronic iritis, certainly, in 
the mass of cases, affects both eyes, and I believe the irritation in 
the iris of the one eye, caused by adhesions of the pupil {vide tupra), 
is the main cause of the disease of the other eye. Hence we find, 
that in cases of iritis terminating in extensive pupillary adhesions 
both eyea are often affected, but that otherwise the disease ia 
generaUy restricted to one side. And since iridectomy is the best 
means of stopping the irritation of chronic inflammation in pupiUary 
exclusion, we have also in it a very important means of preventing 
Bvmpathetic disease of the other eye. I could, if necessarv, adduce 
many instances in support of this fact, wliich is not without importance 
in reference to nosology. I first remarked this action in a case where 
one eye was affected by pupillary exclusion, bulging of the iris, 
and choroidal amblyopia, and the other by more recent iritis and 
by very partial adliesions Yet three or four attacks of iritis had 
already recurred. I then made an artificial pupil on the former 
eye, because I stiU hoped for some improvement of its vision, and 
was much dehghted to find that from that time the patient's second 
eye remained perfectly free from iritis. Since then I have very often 
performed the operation, even where there was no longer any 
quantitative perception of light ; and 1 have, in some cases, been 
perfectly convinced of the beneficial influence exerted over the 
other eye, thus confirming my previous impressions. I designedly 
say in some cases, because only particular combinations could 
afford direct proof. If the second eye is still healthy, the only 
question can be as to a prophylactic action, which it is impossible 
Mly to prove, as it is not absolulelg certain that the second eye 
will al.so become diseased. If, however, the second eye is also 
seriously diseased — thus, if there is union of the whole of the iris 
with the lens — we have au obvious cause for further disease in this 



282 6RAEFE ON IRIDECTOMY 

eye^ and one which^ as regards iritis^ is more directly influential than 
the sympathetic action of the first eye. The only decisive cases 
were those in which iritis periodically attacked the second eye, yet 
without producing any structural change, or only to so shght an 
extent as to be insufficient to account for the further develop- 
ment of disease. Many practitioners will doubt the prevalence 
of such sympathetic inflammation, and be inclined to attribute 
its occurrence in both eyes to constitutional causes. I do not 
deny the frequency of such a connexion, but I would warn 
my colleagues not to have immediate and unnecessary recourse 
to this opinion^ as it leads to neglect of the local conditions, 
which are more under our control. No experienced observer (rf the 
present time can doubt that irido-choroiditis, resulting from an 
accident, not unfrequently induces a sympathetic affection of the 
second eye. And we arrive at a similar conviction as to internal 
inflammations of spontaneous origin, when we carefully consider the 
maimer in which they spread. Even irido-choroiditis of traumatic 
origin may be occasionally treated by the formation of an artificial 
pupil, when a sympathetic affection threatens the second eye. Of 
course, proper discrimination must be used in such cases ; for, as 
the rule, it is clearly indicated to extract a swollen lens, or to 
puncture the vitreous body, or to remove the cornea or the anterior 
portion of the globe. I should consider it unnecessary to perform 
total extirpation of the globe for traumatic irido-choroiditis, with 
the view of preventing a sympathetic affection of the second eye ; 
and I only mention the proposition, because I hear that it has been 
introduced by some of our English coUeagues. 

Before leaving this subject, I may be permitted to add a few re- 
marks on the manner of performing the operation under the circum- 
stances referred to, and on its immediate effects. 

In regard to the method of operating, I have always employed 
iridectomy, or the method of tearing the iris, claimed by Desmarres as 
his own discovery, and which does not differ very essentially from it.^ 

Irido-dialysis is falling more and more into disuse — a natural result 
of its offering no greater advantages than iridectomy, and yet being 

' Desmarres, in my opinion, merits our gratitude, not so much for having 
distinguished this method as for having shown that, in regard to the perform- 
ance and prognosis of the operation, it is of little consequence in cases of 
synechia whether the free pupillary margin is brought out, or the tissue of the 
iris is torn in its continuity. 
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attended with important disadvantages and dangers. This point 
has been so fully treated by Desmarres^ that it seems unnecessary 
to add anything further. I may, however, briefly refer to an appa- 
rent advantage of irido-dialysis, as on this account it has still its 
advocates ; it affords broader peripherical pupils, such as are wanted 
where only a small marginal portion of the cornea is available for 
the transmission of light. But, without considering the very un- 
certain success of dialysis under these conditions, where we gene- 
rally find the tissue of the iris atrophied, we can, through iridectomy, 
readily obtain pupils in the most external part of the corneal mar- 
gin. Nothing more is required than not to penetrate at the junc- 
tion of the cornea and sclerotic, but at the distance of half a line 
from this point, into the sclerotic itself, and to give the lance- 
shaped knife such a direction that it may pass into the anterior 
chamber exactly at the point of union. That this is by no means 
difficult appears from the fact that the origin of the iris, as Arlt 
especially has urged, does not lie on the posterior wall of Sclilemm's 
canal, but in the very thickness of the tensor choroidese.^ If the 
knife is thus passed into the sclerotic, no opacity whatever is caused 
in the adjacent portion of the cornea ; and this is of especial im- 
portance when the healthy portion of the cornea is extremely small ; 
the pupil extends, of course, as far as the extreme edge, so that at 
a later period, by oblique illumination or the ophthalmoscope, the 
tops of the ciliary processes are seen projecting into the pupil. It 
is true such pupils will be a little less broad than those obtained 
under favorable conditions by dialysis. But some weeks afterwards 
they can easily be enlarged to any extent, by similarly excising an 
adjacent piece of the iris. Besides, it is seldom necessary to enlarge 
the pupil, provided, in drawing out the knife, we act on the internal 
wound, and not on the external, already relatively too large. And 
even the inconvenience of repeating the operation should not in- 

' The older surgeons had already remarked that Ihej could pniicture tlie 
sclerotic tolerably far back, and still introduce the laiice-shaped knife into the 
aoierior chamber; but, according to their accounts, tlu.j j^cnf rally Orst f)ass^d 
the knife into the posterior chamber, and then transfixed tin; iri.-> from [j'liind 
forwards. I am decidedly opposed to such a proccfdiiij^, tran^Ji xio/i of ti,r: \i:^ 
from behind forwards being very unsafe, bocauso the iris, hf-inL^ ui'r.t.iiAc ii, 
the aqueous humour, does not offer sufficient resistance ; hf.sifio^, wli* m ln-.tni- 
meuts are introduced into the posterior chamber, all control (Acr tiicrri i^ l'>Ht, 
and the margin of the lens, &c., may be wounded. 
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duce us to prefer the hazardous irido-dialysis to iridectomy, so 
certain as to its results, and attended with so little danger. 

We generally find great structural changes in the iris when irido- 
choroiditis is still active; if its periphery is pushed forward by 
serous exudation, as already stated, it can readily be seized; the 
more central portion, however, adhering through pigmented exuda- 
tion, remains in its former position, and I would dissuade from 
using any violence in extracting it, because the advantages are not 
proportional to the danger of wounding the capsule and of thus 
causing traumatic cataract. In other cases the iris is so thickened by 
exudation into its tissue, that it becomes quite stiff, and miadapted 
to form a fold. I then employ straight, pupillary forceps^ wiih sharp 
teeth, which, instead of following the ordinary direction, I apply to 
the iris somewhat perpendicularly ; according to my experience, such 
an instrument is of very great service under these conditions. 

Whilst in leucoma adherens the formation of an artificial pupil 
causes little or no haemorrhage into the anterior chamber, in irido- 
choroiditis the bleeding is often very severe. This is readily 
accounted for by the excessive vascularity and by the pressure. In 
the former case the free margin of the iris is frequently seized, so 
that the small quantity of blood flowing from the incision for the 
most part escapes externally. The vessels are also not dilated, and 
the muscular power of the iris is tolerably normal, which must 
have some influence on the retraction of the cut vessels; finally, 
when the globe is filled in a normal manner, the sclerotic continues 
to exert pressure on the contents after the whole of the aqueous 
humour has escaped ; this must necessarily have some influence in 
limiting the extravasation. If, in synechia anterior, instead of the 
free margin of the iris being seized, it is torn in its continuity, the 
blood from the wounded surface does not indeed escape externally ; 
it is the rule, however, in these cases, for both the vessels and the 
tissue of the iris to become very much atropliied, through being 
dragged towards the corneal cicatrix. On the other hand, in irido- 
choroiditis there is hyperaimia, partly of an inflammatory, partly of 
a mechanical nature. The muscular action of the iris (and with it 
the power of retraction in the vessels ?) is impeded by the deposi- 
tion of lymph ; even the membranes lying behind the iris not un- 
frequently become vascular, and all these tissues are torn in their con- 
tinuity. Besides, in tliis case haemorrhage is very much promoted 
by any existing diminution of pressure, which is still further in- 
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creased by the escape of the aqneoua huinour. This is pttrticnlarly 
the case when the eye has become somewhat atroptiied; then the 
aclerotic ceases to exert any pressure, and after the vessels are 
opened, a process of suction occurs, so that it is useless to try to 
remove the blood by the introduction of Anel's stilette, Sec, a me- 
thod which is j>erfectly successful after htemorrhage in leucomata, 
&c. To prevent any increase of htemorrhage, I am rather inclined 
to apply, soon after the operation, a bandage, so as to produce slight 
compression, and this, after haKan hour or an hour, I gradually loosen, 
and finally remove ; at a later period the relations of pressure become 
equalised bj transudation, and no longer by extravasation. It is 
generally said that bleeding into the anterior chamber is not of much 
consequence, and, in ordinary circumstances, I perfectly agree with 
that opinion, aa the blood is rapidly absorbed in a healthy aqueona 
humour, and without causing any reaction ; but the conditions are 
of quite a diiferent character when there are internal inflammations. 
Effused blood often continues long unabsorbed in cases of iritis and 
irido-choroiditis, especially when the aqueous humour is somewhat 
clouded ; not oidy are the endosmotic relations between the blood- 
corpuscles and the surrounding fluid essentially altered by its satu- 
ration with exudative matters, but even the conditions of reubsorp- 
tion are no longer the same, and finally the flakes of blood, which 
remain for a long period, seem to act as mechanical irritants, and lo 
aervc as the starting-point for fresh exudations when tliej pass into 
the pupil, llence severe lucraorrhages, filling the whole anterior 
chamber, are very troublesome in some cases of iritis and irido-cho- 
roiditis, and success will sometimes be frustrated by them. We cannot 
always succeed in avoiding them, but since for the most part they 
arise, so to speak, ex vacuo, I consider it very desirable to exercise 
a little pressure even during excision, and afterwards to apply the 
compressing bandage already recommended. I mnst also mention 
the serf re pain sometimes produced by seizure of the iris; whilst 
this is most exceptional under ordinary conditions, here it occurs 
almost invariably. This pain, which is partly situated in the bulb, 
partly radiating as ciliary neurosis into the forehead, temples, and 
nose, occasionally continues for some hours after the operation. 

I have never seen a more violent degree of iritis ensue after the opera- 
tion ; on the other liand, there sometimes follows, however, especially 
when severe hiemorrhage has occurred into the chambers, by a very 
f marked state of congestion, of which the symptoms are lachrymatioD, 
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slight chemosis, moderate swelling of the lids, and hyperaemic 
coloration of the iris ; this always fonns an essential difference from 
the usual state, in which the formation of an artificial pupil excites 
no reaction whatever ; and even here it is only occasional, princi- 
pally occurring when we are compelled to operate in very acute cases. 
Still it seems advisable to allude to it, tliat those who may hereafter 
imitate my example may not be astonished if the allaying influence of 
iridectomy, of which I have spoken so highly, should not in all cases 
immediately follow the operation. Fortunately the state of conges- 
tion is temporary, and even when excessive it yields to moderate 
antiphlogistic treatment, and then, in general, the desired curative 
action on the internal inflammation gradually appears in the course 
of a few weeks. After the operation for artificial pupil, all other 
methods of treatment usually act more favorably than before; so 
that, when pupillary exclusion has once formed, I seldom begin to 
employ other remedies, such as mercurials, until after I have 
operated. 

Lest I should be charged with one-sidedness, I must, in conclu- 
sion, remind the reader that I have by no means intended fully to 
consider the treatment of iritis and irido-choroiditis. I have never 
aimed at supplanting, by mydriatics and iridectomy, other methods 
of treating these diseases; and every unprejudiced person who has 
followed my clinical practice and lectures will bear witness how 
much I value an energetic and properly conducted antiphlogosis^ 
especially at the commencement of the disease. Above all, I am 
far from wishing to depreciate the importance of mercurials, and I 
recognise with the fullest conviction their great value in dangerous 
internal inflanmiations. My sole object has been to recommend to 
my colleagues a proceeding which I think I have tried with the 
necessary scepticism and circumspection, believing that they will 
find in it a source of numerous successes and the curing of many 
othemise incurables. 
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By De. a. v. GRAEPE.^ 



I. — ^To the report on the curative effects of iridectomy, already 
published in the ' Archiv' (B. ii, Abth. 2, S. 202 — 257), I am about to 
add another of a highly gratifying character, for it refers to a com- 
prehensive category of diseases hitherto incurable. The present 
communication would much sooner have been issued, had not the 
insidious nature of the affection demanded extreme care in judging of 
the results, and long-continued observation. Hence it is perfectly 
possible that iridectomy, as a remedy in the glaucomatous process, 
is abeady well known to most readers of the ' Archiv,' the subject 
having been discussed in my clinic through two sessions, commu- 
nicated to many of my colleagues both orally and by letter, and 
very widely imitated. The best amends for my delay will be to 
specify the indications and prognosis as accurately as possible; 
otherwise, indeed, I would not give publicity to these observations, 
lest those who may adopt my views should not prove equally 
successful, and I should bring into discredit a method which is 

1 Translated, with the author's pennisaioD, from the 'Archiv fur Ophtbalm.' 
Berlin, 1857. 
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happily becoming naturalised in practice within its proper 
limitations. 



11, — When we recommend medicines or modes of operation, it is 
especially neceasary to define the disease in reference to wliich they 
are recommended. The absence of general ^recment constitutes 
an hereditary evil of therapeutical science, only to be cured by slow 
degrees, just as a sanguine predilection for medicines gradually 
yields to an intelligent analysis of the indications of treatment. I 
feel the necessity of agreement the more acutely, because the affec- 
tion in question has ever seemed one attended by coufusiou and 
miannderstanding. 

Tlie name glaucoma formerly indicated a vague, expressionless 
symptom — a sea-greeu, bottle-green, or dirty-green background of 
the eye, seen tlirough a fixed, dilated pupil. AMien greater exact- 
ness was required, efi'orts were made to discover definite, material 
changes, sufiicient to account for this symptom, but they terminated 
most variously and contradictorily. Whilst some miagined in 
glaucoma a peculiar degeneration of the refractive media, and espe- 
cially of the vitreous body, others referred the origin of the disease 
to the choroid, others again to the retina; and as each of these 
views was contradicted, some gave up the seemiugly futUe attempt 
to localize, and considered glaucoma a disease of the whole globe. 
The latter hypothesis obviously attests only the incompleteness of 
our knowledge, for, owing to the great variety of the tissues of the 
eye, an exact pathology requires as accurate localization as in dis- 
eases of the abdomen or thorax. No one can doubt that in the 
course of the glaucomatous process most tissues of the eye become 
diseased, but it is equaUy certain that they are attacked at different 
periods, and that in consequence we have to distinguish the primary 
from the secondary changes. Of all the opinions brought forward 
certainly that one had the most numerous and powerful followers, 
which explained glaucoma as an inflammation of the choroid, with 
eflusion between it and the retina. This view seemed to be favoured 
by pathologico-auatomical facts first collected by Schroder van der 
Xolk, and afterwards especially by Arlt. Notwitlistauding, it waa 
still open to controversy which of the changes were primary and 
which secondary or quite accessory. Most of the preparations 
were taken from far-advanced cases, and hence, at tlie time of dis- 
section, did not present the typical appearaiices of glaucoma; and 
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tiitii the exceptioD of a few instances brought forward by Arit, 

there had been no examination during life, a point which is almost 
indispensable for fixiug the glaucomatous origin. 

Fiu:illy, more than five years ago, there appeared HelmhoUz's 
immortal discovery, destined to throw so much light upon many 
obscure cases, especially upon amaurotic affectionB. This naturally 
excited the hope tliat the question of glaucoma would also be de- 
cided. But, unfortunately, this expectation was not so speedily to 
be gratified ; it rather appeared as if glaucoma woidd remain an in- 
soluble mystery, even when examined by the new instrument. The 
immediate results were of a purely negative nature, proving the 
non-existence of those effusions suspected to lie between the retina 
and the choroid. The diagnosis of such effusions, formerly possi- 
ble only when they were very extensive, so as to produce the so- 
called hydrops subretiualis, had been so much aided by the applica- 
tion of the ophthalmoscope, that they could not possibly be 
overlooked ; yet they were never seen, provided typically pure cases 
of glaucoma — and such, of course, were necessary — were employed 
in the investigation. Such cases were, in general, somewhat ad- 
vanced, for in the specially acute period of the process, it is seldom 
possible, owing to the diffuse opacity of the refractive media, to de- 
termine with certainty the details of the back of the eye. Hence it 
could no longer be supposed that subretinal effusions caused the 
glaucomatous blindness ; either they bad no connexion whatever with 
the disease, or were developed at an advanced period, as a secondary 
affection. Neither could the diffuse cloudiness of the aqueous and 
vitreous humours sufficiently account for the blindness caused by 
glaucoma ; for the opacity is never so great as to explain the entire 
loss of perception ; besides, at times, if not prevented by the forma- 
tion of cataract, it may be seen spontaneously to disappear, without 
any corresponding power of vision being restored. The changes in 
the internal membranes, apoplexies, and, at a later period, partial 
atrophies of the choroid and retina, did not by any means con- 
stantly occur, and were also developed to a far less extent than in 
chronic retinitis and choroiditis. Hence it must follow that these 
structural chaises did not directly cause the occurrence of the 
blindness. Since, however, a peculiar alteration in the entrance of 
the optic nerve was always apparent in well-marked glaucoma, the 
attention of all investigators was directed to this point, aa the proba- 
ble source of the disease. 

19 



290 GRAEYE ON GLA0COMA.. 

Ill, — Three facts wore ascertained as to this peculiar condition 
of tlie optic nerve. 

1 . A change in form, first brought into notice and delineated bj 
Ed. Jiiger (see his book on 'Cataract and Cataract-operations,* 
plate viii, fig. 34). He believed that this appearance was caused 
by an arching forwards of the papilla. The error had such an ap- 
pearance of probability, that it was universally believed, till 1 found 
an opportunity {see A. f. 0., B. ii, Abth. i, S. 248, 249) of cor- 
recting it. The mistake was almost certain to be discovered after 
Dr. A. Weber (A. f. 0., Band ii, Abth. i, S. J41-6} had carefully 
discussed the origin and solution of an analogons error in the 
instance of a rabbit affected with sclerertasia posterior. The con- 
viction that the glaucomatous optic nerve does not project, but is 
hollowed outj has since then acquired complete certainty, 1 refer 
any one still unconvinced to the anatomical description of a glauco- 
matous optic nerve, promised by Professor H, Miiller for the next 
number of the 'Archives.' 

3. A jKculiar condition of the retinal vessels within the limits of 
the papilla. Tliis has been well represented in Jager's first plate, 
and explained by Liebreich {see A. f. 0., B. i, Abth. i, S. 375) a» 
caused by the form of the optic ner\-e. Since the concavity has 
been shown, this explanation certainly requires some slight modifi- 
cation, yet it remains essentially correct. 

3. Pulsation in the arterial trunks, already mentioned by Ed. 
Jager in reference to diseased eyes, and adduced by me {loc. cJt., 
p. 376) as pathognomonic of the glaucomatous process. 

IV. — When the changes in the optic nerve were perceived in glau- 
coma, there naturally ensued the task of connecting them with the 
symptoms previously known of circulatory and trophic disturbances. 
Tlie solution of this problem presented the greatest difficulties. 
Even if the affection of the optic nerve were really the first cause of 
blindness, still the remaining complex group of symptoms could not 
result from it, as a secondary affection. We see glaucoma, in its most 
typical variety, sometimes occurring in previously healthy eyes in 
the form of acute inflammatory attacks. Besides, a causal relation 
of the lesion of the optic nerve with the other alterations, of tha 
refractive media, &e., could scarcely be imagined. In amaurotic 
cases we observe the most advanced metamorphoses of the papilla, 
extending even to perfect atrophy of the optic nerve and rctiuuj 
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without tlie otlier parts of the eye being affected ; eveu the most 
exquisit* granular exudution processes in the papilla usually only 
lead to changes of the retina. This may be readily esplained by 
the nutrition of tlie retina, which is independent of the otiier mem- 
branes of the eye. Indeed, tliis opinion is almost disproved by tlie 
fact, that the papilla is not convex, but concave. Had the former 
been the cascj we should probably have had to consider the ques- 
tion of a swelling caused by exudation, which we all formerly be- 
lieved to exist, and which might possibly induce further disease of 
the globe. But since the papilla is concave, we can scarcely iniagine 
auy increase in the size of the optic nerve. Retraction of the sub- 
stance of the optic nerve after any previous exudative processes 
might certainly cause a retraction of the papilla, but no such pre- 
vious condition of swelling can at present be shown which might 
justify the hypotheais. Hence the degeneration of the optic nerve 
cannot be justly considered as the source of the remaining symp- 
toms, and yet the pathogenesis of particular cases seemed to 
favour this view. Sometimes, during a long period, only the 
le^iou of the optic nerve was observed, whilst the other symp- 
toms of glaucoma did not occur luitil a later period. In compa- 
rison with the former statement, these cases, however, have been con- 
tirmally becoming less frequent, just as we have gained increased 
familiarity with the methods of observation, and I now venture to 
maintain that, ou a very minute examination, the other glaucoma- 
tous signs, such as increased iutra-ocular pressure, may be perceived 
even in the earliest periods, but they are leas prominent in the in- 
sidious forma, so that errors in diagnosis may very readily be made. 
To prevent any misapprehension, I must at once remark, that there 
is a small but incontestable category of cases, in which the affection 
of the optic nerve alone exista, and continues unaccompanied by 
any other symptoms. My previous statement refers entirely to the 
cases in which the external symptoms of glaucoma are developed at 
a later period. I am obbged to urge this, because the affection of 
the optic nerve might otherwise he imagined, as formerly by myself 
and others, to be a first and original stage of the glaucomatous pro- 
cess. In general, three different groups of cotes require considejn- 
tion. In the first the whole sequence of glaucomatous symptoms 
at once arises ; and in due time, but consecutively, as will hereafter 
appear, the degeueralion of (he optic nerve is visible by the oph- 
tltalmoscope. In the second the lesion of the optic nerve is at all 
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events the first striking material sj-mptotn ; the other glaacomatous 
signs, however, can be shown, though at first but little marked, 
until at n later time thej attoin their typical development. In the 
third group there is throughout oiily the degeneration of the optic 
aetvt. It will be one object of the present c«nimunication to esti- 
mal« these three groups of disease in Iheir opposite nosological re- 
lations, and either to unite or separate them. 

At Uie time of my writing the above-cited essay on glaucoma, the 
generation of the ophthalmoscopic signs was still completely veiled 
iu obscurity. The identity in the form of degeneration of the oplie 
nerve seemed to justify us in including all these groups under thc^ 
head of glaucoma, explaining the differences of development by the 
unequal action, in different directions, of a common estra-ocolar 
cause — arterial atheroma. Certainly, the first service renderetl by 
the ophthalmoscope towards understanding glaucoma was not of a 
very gratifying nature; instead of the simple and comprehensive 
doctrine of glaucomatous choroiditis, the disease was transferred to a 
part apparently unconnected with the rest of the evolution ; even the 
term glaucoma showed tliis influence, for it now acquired a much 
more extended signification, and was for some time applied to cases 
not previously known under that name. If it had ever been possible 
to agree about glaucoma, it was certainly impossible at the time of 
the first ophthalmoscopic elucidations. 

V. — There were only two ways of discovering the connexion of 
the lesion of the optic-nerve with the other glaucomatous symptoms ; 
first by pathological anatomy, and secondly by the most exact 
clinical observation. Since my opportunities were very insufficient 
for the anatomical examination of fit cases, I was restricted to 
the latter method of study. I especially watched those cases 
in which the appearance of glaucoma was developed after re- 
peated acute internal inflammations (ophthalmia arthritica). Por 
the time I neglected the question as to what internal mem- 
brane the origin of inflammation should be referred, and adhered 
to the supposition of a choroiditis, which was especially favored 
by Arlt's dissections, the whole appearance of the malady, the 
sympathy of the iris, and the cloudiness of the vitreous body. 
The ophthalmoscoije had only refuted the occurrence of aubretinal 
effusions, but not of chorniditis, a point to which I shall again 
refer, especially a« in my original note on glaucoma, fettered by the 
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degeneration of the optic uen^e, I passed too rapidly over the account 
of the internal membranes. Now when I compared the general 
appearance of this glaucomatous inflammation with that of other 
internal inflammations, for example, of the common irido -choroiditis, 
it seemed to me that all the characteristic symptoms tended to one 
point — increase of the inlra-ocular preMure. 

The hardnea of the glaucomatvut glvbe\i&s been remarked from the 
earliest periods of ophthalmology. Since no change in the sclerotic, 
capable of explaining the altered resistance of the globe, can be justly 
admitted, it must be founded on the more complete filling of the 
globe with fluid. The dilatation and immobility of the pupil, are, it 
is known, not caused by the bliuduess : were this the case, the pupil 
must contract on the passage of light into the other and healthy 
eye, as in unilateral atifesthesia of the retina; the diameter of the 
pupd must also change in rotations of the globe, in alterations of 
accommodation, and in closure of the lids. Besides, not uufre- 
quently, after the first attack of glaucomatous inflammation, more 
or less power of vision returns, and yet the pupil preserves its 
abnormal properties. Evidently we most refer tlie pupillary afl'ec- 
tion directly to iridoplegia — paralysis of the nerves passing to the 
iris. The degree of mydriasis in glaucoma compared with tliat in 
paralysis of the ocnlomotorius, might indeed seeia too great for the 
admission of iridoplegia; but as I have already elsewhere stated, 
the maximum dilatation, in which sometimes the iris almost peri- 
pherically vanishes, does not eidst from the commencement, but is 
developed with the progressive atrophy of tissue, and it soractinu'S 
also proceeds from other mechanical causes (see the account of dissec- 
tions in the previous treatise on Sympathetic Amaurosis). The 
increase of the intra-ocular pressure would furnish a further reason 
for iridoplegia, the power of conduction in the ciliary nerves being 
thereby annulled. As a phenomenon analogous to iridoplegia, I 
found corneal anttslhesia ; this is also explained by compression 
of the nerves passing to it ; in a second note on glaucoma 
{rAde A. f. 0., Bd. i, Abth. 3, S. 305) I have already given a 
direct proof of this, by showing that after the aqueous humour has 
escaped, the senuibility of the cornea is again restored, provided the 
operation is perftirmed at a sufficiently ejirly period of the disease. 
With tliesc symptoms may be classed the Jlidlemnff of the anterior 
ehamier ; which, in my opinion, depends upon two circumstances. 
First, the convexity of the cornea is diminished j secondly, the 




£94 (iBAKFK ON GLAUCOMA. 

iris is really more arclied forwards. The flntt^ning of the oomn^ 
which may be proved by examinations of the reflection from it, 
compared with that of another and healthy eye, is in itself an in- 
valuable argument for the increase of intra-ocular pressure. In an 
inflammatory affection we could scarcely explain this symptom la 
any oilier way ; perhaps, also, we may be able to found on it an 
accurate method of measuring the amount of increased pressure, for 
it is subject to mathematical estimate by means of Helmholtic'a 
ophthalmometer. K the radius of corneal curvature approach 
that of the sclerotic, the receding angle of the cornea will be pushed 
outwards, and occasion an alteration in the form of the anterior 
chamber; at the same time, the iris will be pressed backwards. 
Since, on the contrary, the iria in glaucoma appears more convex 
anteriorly, there must, with the demonstrable flattening of the 
cornea, be a compensating, or more correctly an over- compensating 
momentum, a far greater increase of pressure acting in the space 
occupied by the vitreous body than in the anterior chamber, so that 
the iris is actually pressed forward. Again, the circulatory changes 
in the subconjunctival veins favour the idea of an increased pressure. 
It is well known that, in the inflammatory stage, the whole system of 
anterior ciliary vessels becomes much injected [ that at a later period, 
however, the arteries gradually diminish, whilst the great venoua 
trunks twist and expand, anastomose with one another by loops 
near the corneal periphery, and at length produce those tigurea for- 
merly indicated as pathognomonic of the glaucomatous process, 
under the name of arthritic or abdominal veins. The arteries ulti- 
mately contract even to less than their normal size, and witli this ia 
connected a progressive atrophy of the subconjuuetival layer of 
cellular tissue, which is proved by the white sclerotic shining 
through it with much more than natural brightness. The veins are 
then seen aa isolated, dark-red strings, ramifying over a background, 
which is porcelain- whit* or wax-like, or after the formation of 
ectasia, bluisli-gray or bluish. The older authors have already 
mentioned, that " the white of the eye between the artluitic vessels 
presents a peculiar, dead, lifeless appearance." The dilatation of 
the veins may be reasonably referred to a mechanical obstruction of 
the internal circulation. If, from increase of the pressure in the 
space hmitcd by the choroid and the crystalline system, the blood 
cannot readily escape by the posterior venous canals, especially by 
the vasa vorticosa, it passes anteriorly through the anterior ciliaj^ 
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veins, which opeu into the mu^^alur oues. Then these expand, so 
as to form a species of collateral circulation. Various views, having, 
however, no immediate connexion with our subject, may be formed 
as to the atrophy of the anterior ciliary arteries, occurring at a later 
period, which in some cases ia undeniable. At all events it is 
closely connected with the progressive atrophy of the iris. That 
the eiliary neuroeit is similarly caused by compression, is in 
Kgreement with the fact that it ia often immediately relieved by 
paracentesis. 

The arterial pulsation was the first of the ophthalmoscopic signs 
that suggested the idea of incieased pressure. It is true, tliat in 
my first note I gave a different explanation of this phenomenon — 
obstmction of the arteries. Indeed, it is undeniable that arterial 
pulsation in the retina may be caused by compression of the arteries 
externally to the eye, or a diminution in their calibre, provided the 
explanation I have given of the experimental phenomenon, and 
which has been accepted by Bonders, is corre<:t. But, on the con- 
trary, the results of experiment more especially favour the view that 
it is owing to an increase of the intra-ocular pressure. As regards 
the occurrence of pulsation, it is clearly the same, whether (he bulb 
is compressed by the finger, or by an increased collection of Huid in 
it^ interior. Again, the manner in which the patient becomes 
totally blind, in the acute cases, reminded me very strongly of the 
depritul of light by compre»aioa. The contraction of the visual 
field during the temporary obscurations, the occurrence of coloured 
vision, the nature of the blindness even, present the greatest analogy 
with the perceptions obtained by artificially compressing the bulb 
until the appearance of arterial pulaation (Donders). 

When I published my second notice upon glaucoma in the first 
volume of this journal (Abth. 2), I expressed the opinion that glau- 
comatous infiammatiuDB essentially depend on increased intra-ocular 
pressure ; this, indeed, induced me to make the trials of paracentesis, 
there related- The form of the papilla, however, prevented me from 
comiug to a general decision. The supposed convexity continually 
turned mj attention back to a substautial lesion of the optic nerve. 
When I became convinced of the concavity of the papilla, an ex- 
planation was immediately sought in another direction; but it 
required longer observation to become fully satisfied, the cases in 
which the lesion of the optic nerve apparently pre-existed (see 
hereafter) still remaining perfectly inexplicable. A case treated by 
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paracCTiIcsis, first allowed me, that the ejcavatiou of the optic 
only becomes developed secondarily in the so-called acute glaucoma. 
The patient had come to me during a violent attack of gl&ucomakinB 
choroiditis. I had performed paracentesis three times in a space of 
eight days. Clearness of the refractive media was as perfectly 
obtained as could be wished, and continued also during the follow- 
ing weeks ; at the same time there were aU the signs of a glauco- 
matous affection, visible in the iris and pupil. The ophthalmoscope 
showed the papilla to be perfectly normal, and only after mauf 
months, when fresh obscurations occurred, did the optic nerve pro- 
gressively degenerate, advancing with the other symptoms of 
increased pressure. I only attained a more general conviction as to 
the point in question, after the employment of iridectomy had enabled 
me to decide more accurately upon the condition in the p-arHest 
periods of disease. It was constantly found that the lesion of the 
optic nerve did not yet exist after the first inflammatory attacks, 
but was gradually developed at the same time as the other symptoma 
of increased pressure. Hence, I felt obliged to conclude that tha 
escavation of the papilla arises in the same way as many of the 
sclerotic ectasia whicli appear in the later stages of the glaucomatoua 
process. The entrance of the optic nerve is, in respect to resistance, 
tJie weakest part of the envelopes of the bulb, and it may eaiiily be 
imagined that this part would also be the first to be pressed out- 
wards when the intrn-ocular pressure is increased. 

Whilst occupied with the examination of these Wews, I re- 
ceived last winter a letter from Professor Heinrieh Miiller. 
Without any knowledge of my nosological investigations, he had 
arrived at the same conviction, through 'the anatomical examination 
of an excavated optic nerve. I should forestall H. Miiller's publica- 
tion, were I more closely to represent the reasons which guided hira. 
But I briefly allude to the circumstance, because I had long desired 
the anatomical confirmation, and it was naturally of the highest 
importance in the continuance of my investigations. 

Admitting tiiat the lesion of the optic nerve is, in certain cases, 
caused by intni-ocular pressure, still I must at once guard against a 
too generic and over-hasty adoption of this law. The point I have 
just maintained is limited,at present, to the acutely inflammatory cases. 
With respect to the insidious form, in which the symptoms of pres- 
sure become distinct only at a later period, I think tliat 1 might also 
propose this view, as a probable, although not a certain explanatiou ; 
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and, finally, in reference to the third group, in wliich the excavation 
of the optic nerve generally continues, without the addition of other 
glaucomatous signs, there can of course be no question about such 
a derivation, 

VI. — Having advanced thus far in the analysis of our subject, let 
us pass to a short exposition of the course of the disease. I do 
not aim at depicting any new form, nor even at giving an exact 
nosological description, such having been admirably performed 
by many authors. I intend to limit the symptomatology of 
particular morbid series to what is necessary to supply a con- 
nexion with the more general principles above stated, and to render 
possible an agreement about glaucoma — the ophthalmoscopic re- 
sults included. As already mentioned, I distinguish three groups, 
and would indicate them by the names of acute or inflammatory 
glaucoma, of chroaio glaucoma^ and of amaurosis with arcavaiwn of 
(As optic nerve. Tlie transitions or separations of these forms will 
be most naturally discussed iu the course of this exposition. 



I. Aciite or in^flammatory glaucoma. 

(Syn. Glaucomatous Choroiditis, Ophthalmia Arthritica). 

There is generally a precursory stage ; it is absent in only from 
twenty-five to thirty per cent. In this premonitorj- stage, any 
existing presbyopia is increased, coloured spectra emerge from 
time to time, especially in the form of rainbows around the flame 
of a candle. There are also, especially as this stage advances, 
intercurrent obscurations ; then everj'thing appears gray and misty 
to the patient, and a functional examination during such attacks 
sometimes shows a slight contraction of the field of vision, but, as 
the rale, oidy great indistinctness of excentric impressions in cer- 
tain directions. Towards the end of this stage, the intercur- 
rent obscurations become more frequent, longer, and more intense ; 
at the same time, the pupil becomes somewhat larger and sluggish, 
the aqueous humour even already seems slightly and uniformly 
clouded. Pains in the forehead and temples in the form of ciliary 
neuroses, which are, as is known, symptomatic of internal ophthal- 
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miiP, sometimes occur at a verv early period, sometimea onlj in 
the later epochs of the premonitory stage, contemporaneously with 
the obscurations ; only in rare cases are they eatirely absent. The 
premonitory stage has an indefinite duration, generally of many 
months, sometimes years. If the obscurations occur at intervals of 
many weeks, the termination of this stage is still uncertain ; if the 
intervals between the attacks are uot longer than a few days, the 
commencament of the second stage is to be expected; indeed this 
may ensue even under the former conditions. The premonitory 
stage is entirely absent in some cases. 

The rapidly increased presbyopia is not without significance ; I 
think that here it proceeds from an increase of the internal pressure 
and tlatlening of the cornea. The coloured spectra have similar 
characteristics to those occasioned by pressure on the eye ; they do 
not depend on diffraction, or conditions of accommodation, but must 
be referred to a morbid innervation of the retina. This is also 
true ot the obscurations. The temporary dilatations of the pupil 
proceed from commencing iridoplegia. The sensibility of the 
cornea is probably correspondingly diminished, but I do not venture 
positively to assert that it is so, for slight differences in senaibihty 
can with difficulty be proved, and especially in the aged, in whom 
the corneal sensibility is generally less aout«. 

The special outbreak of the disease is generally sadden ; some- 
times it is developed by a gradual increase in the premonitory 
attacks. The general appearance of an internal ophthalmia is pre- 
sented : violent, often unbearable pains in the eye, but especially in 
the forehead, temple,-*, and side of the nose (as far as the extremity 
of the bone), injection of the subconjunctival vascular network, not 
unfrequenlly to the extent of chemotic swelling, with copious lachry- 
mation, but with very little mucus ; the anterior chamber diffusely 
hazy, the cornea generally dulled on its posterior surface, the pupil 
irregularly dilated, occasionally also broad posterior synechias, the 
iris of a dirty hue and pressed forwards ; the power of vision some- 
times entirely lost as if by a stroke, sometimes only much diminished ; 
the field of vision, when it can be measured, cither normal or some- 
what concentrically contracted ; at the same time, in the mass of 
cases, there are well-marked subjective appearances of light, plio- 
topsia, chromopsia : as the rule, tliese violent symptoms arise in a 
restless night, and generally after much previous suffering from 
want of sleep. These inflammatory attacks may netde, visioa 
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being partially or almost entirely restored, yet the anterior chamber 
usually remains somewhat flatter, the pupil a little dilated and 
more sluggish, the iris spotted, and the visual field often somewhat 
contracted. Such a temporary restoration may be spontaneous, 
although it is usually obtained by antipiilogosis, by opium in large 
doses, aud bj paracentesis of the anterior chmnber. But in many 
cases the blindness continues from (he very first attack, notwith- 
standing the retrocession of the inflammatory symptoms. The 
insidious nature of the disease is such, that either these inflamma- 
tory attacks are occasionally repeated, caoh time leaving a renewed 
and greater deterioration of vision ; or no fresh inflammatory symp- 
toms again appear, yet the visual field becomes continually more 
contracted, finally excentric, the grayish hue of the iris increases, 
the pupil dilates and entirely loses its mobility, the globe becomes 
constantly tenser, and the cornea perfectly aniesthetic. During 
this process the refractive media — the aqueous humour and vitreous 
body — may again lose their dilfuse turbidity, so as perfectly to allow 
ophthalmoscopic examination of the back of the eye; then we 
generally find certain changes in the internal membraoes, peculiar 
retinal ecchymoses in the form of round spots, and not unfreqneutly 
larger choroidal extravasations, especially in the equatorial region. 
I shall presently add a few remarks upon their signification. There 
are also constantly found, at tliis later period, a progressively 
increasing excavation of the optic nerve, and arterial pulsation, 
appearing either spontaneouisly or oti the slightest compression with 
the finger, appearances which were entirely absent after the first or 
the few first attacks. 

?Iere we have all the appearances previously mentioned as cha- 
racteristic of increased pressure. The question cannot any longer 
be passed over, by which one of the internal membranes ia the 
morbid process of secretion effected? The changes shown by the 
ophthalmoscope afford no immediate decision ; even the apparently 
positive results must be employed with caution in coming to a con- 
clusion. In the very frequent occurrence of retinal ecchymoses, 
we might readily find a support for the view once promulgated by 
Ph. V. Walther, who accordingly held glaucoma to be a lenimi of 
the retina. The rapidly advancing bbndness, the appearance of 
photopsiee, and chromopsiie, would certaiiUy harmonise with such a 
conception, the more as, on the other hand, we know how little even 
far-advanced structural changes of the choroid interfere with the 
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action of t!ie retina, provided there is no retinal separation. Still, 
I think tliat the participation of the retina is quite secondary. 
Iridectomy has taught me tliat extensive retinal ecchymosea of the 
kind referred to do actually diminishj to some extent, the acuteness 
of vision, yet they do not by any means explain the peculiar blind- 
ness. Again, I have ascertained, in a number of cases, that most 
{perhaps all?) of the retinal ecchymoses do not occur until after 
iridectomy, and yet that, at the time of observation, there is very 
great improvement of vision. This refers to those cases in which 
the ocular background could be critically examined even before the 
o|)eration, the haziness of the refractive media not being very great. 
These retinal apoplexies differ essentially in form from the extrava- 
sations occurring in apoplectic retinitis, which are distinctly striped, 
and follow the course of the fibres; in the former we find extremely 
regular, round spots, which seem to be seated exclusively on the 
veins, and for the most part where the larger trunks unite. 
Besides, in the early stages there is not the slightest granular or 
striped turbidity of the retina. The general appearance of the 
retinal lesion gives me quite the impression of vascular ruptures, 
caused by mechanical hyperrcmia. When the intra-oeular pressure 
is so much increased tliat it completely interrupts the passage of 
the blood through the arteria centralis retinfe between the arterial 
diastoles (arterial pulsation), we may imagine the much greater 
effect upon the far more yielding vena centralis. This is also 
shown by the dilatation of the retinal veins, which always occurs in 
a certain stage of the disease. If paracentesis of the anterior 
chamber, or iridectomy, be performed, the sudden relaxation of 
pressure very readily accounts for the occurrence of ruptured vessels, 
when there is such venous congestion. It is true that an abnormal 
hiEmorrhagic tendency may also be induced by other causes, espe- 
cially in old persons nitb rigid arteries. Forms of glaucoma occur, 
which Lave been called apoplectic, in which the htemorrhages of 
the inner membranes attain an unusual extent, and which are even 
prematurely accompanied by hcpmorrhagic separation of the retina; 
but in deciding nosological questions, we must ulwavs adhere to 
typical forms of disease, and, judging from them, I believe that the 
retina plays a subordinate and secondary part in acute glaucoma. 

What are the direct proofs of choroidal iaJhvimatioH in glau- 
coma? We know that in the later periods ectasiie frequently form, 
especially in the equatorial region of the globe; we also knowj 
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cliiefly from Arlt's invest igatioua, that in these places ioflammntory 
processes can be positively shown by dissection ; all this, however, 
refers to a later period of the disease, and, considered witli refer- 
ence to the pathogenesis, would also always admit of other expla- 
nations. Thus, some relatively weak parts might be bulged out 
when the intra-ocnlar pressure was increased, without reference to 
the original cause, and certain textural changes might then occar 
in tbose parts, as consequences of the ectasia. Such reasoning 
would be the more admissible, because the textural changes which 
have been observed, are for the most part restricted to thinning of 
the choroid, and its adhesion with the sclerotic. After a single 
attack of glaucomatous inflammation, the ophthalmoscope seldom 
shows any change, except irregular distribution of pigment, and 
occasionally ecchymoses in the choroid, especiaUy in the equatorial 
region. Formerly I had seen the latter only in chronic cases ; but 
since the introduction of iridectomy has rendered an ophthalmo- 
Bcopic examination possible at an earlier period, it has been fouud 
with increased frequency in the acute cases, which we are now con- 
sidering. The choroidal ecchymoses seem to disappear far more 
rapidly than those of the retina ; the latter usually continue two or 
three weeks after iridectomy, and sometimea considerably longer 
{see below). I only discovered choroidal ecchymoses, provided I 
made the examination before the end of a week and a half after the 
operation ; it is generally much more difficult to perceive them, be- 
cause they are less marked, owing to their irregular form, and 
because, at the same time, we are obliged to look very much to 
one side or downwards. On the other hand, during the last few 
months I have become convinced that these choroidal ecchymoses 
exist before the operation, and perhaps do not occur consecutively, 
as do the greater part of the retinal ecchymoses. Thus, a condi- 
tion has been proved which would favour the opinion that the dis- 
ease proceeds from the choroid. The participation of the iris also 
forces us to direct our attention to the region of the uvea. In re- 
gard to this point, I must especially remark that the iris, even 
though to a very various degree, always becomes alTected with in- 
flammation in glaucoma. This would only be admitted by most 
persons in the cases in which posterior synechia; are at the same 
time formed; yet in other cases, in which they do not occur, in- 
flammation may be proved by examination of the excised iris. This 
was always found stiff and inflltroted. The muddiness of the 



ftqaeouB hamour, and the duloess of the posterior surface of (he 
cornea, with the irregular refraction of light (mvtlriasis) aiid the 
yelloiF lens (age of the patient), are the chief causes of the glauco- 
matous hue of the pupil, and yet these opacities must indisputably be 
referred to intlammatory elTusion from the iris. Besides, the degrtx 
in which the iris psrticipates esseutiall; influences the appeanuice 
of the affection. If far developed, the pressure seems also to mate- 
riallj increase in the anterior chamber, tliTough hypersecretion of 
turbid aqueous humour, and then the iris is not pressed forward, 
&c. The eliief argument in favour of choroiditis is, in mjr opiiiioii, 
the turbidity of the vitreous body. Even if it contributes little or 
nothing to the so-called glaucomatous habitus (of the pupil), as we 
have found by experiments made after paracentesis of the anterior 
chamber, still its existence is shown with certainty by the ophthal- 
moscope, notwithstanding its diffuse nature. Again, examinations 
immediately after the discliarge of the aqueous humour, also prove 
its existence ; even if the iris appears perfectly clear, and the glau- 
comatous hue of the pupil has almost disappeared, still there coQ- 
stjintly remains a mist, rendering the details of the ocular back- 
ground indistinct. Besides, the opacity is not perfectly uniform, 
tlie inferior portion of the vitreous body being generally the more 
turbid, so that the upper part of the retina is relatively more acces- 
eible to examination. The opacity cannot, however, he resolved into 
separate parts. It is obvious, that in these cases it is most natoral 
to refer the cloudiness to a morbid process of secretion by the 
choroid. At all events, tliis presents no difficulty when we have 
once overcome the physiological doubt with respect to the nourish- 
ment of the vitreous body by the choroid. The objection has some 
degree of plausibility, that after the glaucomatous attack but little 
disease can be shown with the ophthalmoscope, especially in the 
tissue of the choroid, whilst very striking changes are seen in other 
of its inflammations. This, however, only proves that there are in- 
ffammntions of the choroid of a very different kind,' and a glance 
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at the (lieeaaes of the iris will, I think, assist us in formiug au 
opinion. Diseases occur in this tissue also, which are characterised 
bj great circulatory aud textural changes, the aqueous humour 
being at the same time not much altered j whilst there are others, of 
which the opacity of the atjueous humour is pathognomonic, Tlie 
general appearance of tlie so-called iritis serosa, or hydromeningitis, 
was very well described by the older authors ; that their account 
now requires considerable alteration, is only owing to the anatomi- 
cal ideas that formerly prevailed. Such an inflammation may con- 
tinue for a very long time, without the occurrence of distinct 
changes in texture, adhesions, &c.; at all events, the chief symp- 
tom continues to be difl'use cloudiness and increased amount of the 
aqueous humour, probably with increased pressure in the anterior 
chamber (perhaps to this should be referred the dilatation of the 
pupil, which occasionally occurs). 1 bold a similar view of glauco- 
matous choroiditis — that it is a disease of secretion. Serous iritis 
is also nosologically allied to chronic glaucoma ; we not unfre- 
quently find transitions of the former into the latter, and we fiiid, 
nvtaf.ia mntandu, this fact already pointed out by the older authors. 
The treatment of both affections is also analogous, with the differ- 
ence that, in iritis serosa, iridectomy is a last resource, recovery 
being often obtaine^l by other means. In short, / eontider acute 
glaucoma to be a choroldilit (or irido-ckoroidUit) uj'UA diffate imbi- 
bilion of Ike vitreoug body (and aqueout 6u?nourJ , and tn toAiciin- 
create of the inlra-ocvlar pretture, compreition i^ the retina, aud tie 
Kell-kMown seriea of tecondary symptoms, are produced by the in- 
ereaied volume of the vitreous humour. 



2. Chronic Glaucoma. 

The process of development differs in tliia form from the cases de- 
scribed under the first head, by the absence of any distinct and 
periodically returning internal inflammations. The attacks, which 
were intercurrent in the premonitory stage, continue for a longer 
time, and at a later period leave no intermissions, but only remis- 
sions between them; the eye acquires its glaucomatous habitus, 
nearly as in the previous form after the inflammatory process hud 
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ended; the pupil gradually becomes wider, the anterior chamber 
flatter, the iris discoloured, although not very strikingly, the globe 
tenser, the subconjunctival veins more dilated, the visual field con- 
tracted, and the acuteness of vision diminished — all this occurring 
without any attack of violent redness, swelling, or symptoms of irri- 
tation. Ciliary neurosis is rarely quite absent, yet at the same time 
the attacks are not very violent. Did not the condition of the re- 
fractive media and of the iris indicate a local process in the eye, the 
disease up to a certain stage might be confounded with an amaurosis 
of extra-ocular origin. Since, in addition, the ophthalmoscope shows, 
at a relatively early period, an excavation of the optic nerve, which 
is gradually developed, and soon followed by arterial pulsation; in 
many of these cases we might easily fall into the error of consider- 
ing the lesion of the optic nerve as the primary stage. But an exact 
comparison of both eyes shows that the iris on the diseased side ap- 
pears somewhat duller, whence we may at once conclude that there 
is a diffuse turbidity of the aqueous humour. This haziness also 
changes with extreme rapidity, in comparison with its amount, so as 
to disappear and reappear many times during a single day. (In 
some cases this is indisputably connected with the meals, move- 
ments of the body, sleep, &c.) On ophthalmoscopic examination, 
the background of the eye always appears somewhat indistinct, yet 
it is difficult to determine how far this is caused by the aqueous 
humour, and how far by the vitreous. The pupil is also larger, and 
somewhat more sluggish, not simply in regard to the entrance of 
light into the affected eye, but also (relatively) to the passage of 
light into the other healthy eye, to accommodation-changes and 
contractions of the recti intemi. Tliis feature essentially distin- 
guishes it from ansesthesia retinae incipiens, where the contraction of 
tlie pupil is unaffected under the above conditions. It is clear that 
the conduction in the ciliary nerves is here directly diminished 
tlu*ough increase of the intra-ocular pressure. Upon very careful 
palpation of tlie globe (the customary precautions being taken to 
prevent errors from displacement), increased resistance is generally 
evident ; and upon touching the cornea with a roll of paper, dimi- 
nished sensibility. I should not have repeated all these remarks, 
had not these very cases at one time induced errors through the 
subtilty of the symptoms. By means of the ophthalmoscope, I 
found, though not constantly, choroidal ecchymoses in the equatorial 
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region. I cannot decide whether retinal ecchymoses are present 
before operative interference ; they often form to a surprising ex- 
tent afterwards. If the disease has run its course, it very much 
resembles the cases described under the first head, except that all 
the symptoms depending on increase of the intra-ocular pressure 
are usually less prominent. At the first glance, it appears probable, 
that there is only a difference of degree between this and the former 
category of cases, because the first form is very often developed in 
the one eye, and the second in the other. Tliis is the essential 
feature of the fact long since noted, according to which there was 
developed in one eye an exquisite glaucoma {with the symptoms of 
arthritic ophthalmia or glaucomatous choroiditis), but in the other 
eye, a blindness, which only in its later course coidd be distin- 
guished from a simple amaurosis dependent on extra-ocular causes. 
Again, the essential identity of both diseases is shown by the same 
changes of the inner membranes (especially of an ecchjTnotic 
nature), and by the same termination. In conclusion, it must be 
mentioned, that the second form not unfrequcntly passes into the 
first ; it then represents to some extent a more violent, and no 
longer intermitting, but only remitting premonitory stage. The pre- 
vious statement of the secondary occurrence of excavation of the 
optic nerve is of course also true, but with a limitation, because at 
the time of the more acute outbreak, the affection of the optic nerve 
has been already induced by the pre-existent (clironic) disease. 

Besides, I willingly admit that we arc stiil very ignorant as to 
this form of chronic glaucoma. I think, indeed, that the excava- 
tion of the optic nerve in these cases is explained also by increased 
pressure; I am, however, unable to demonstrate it, because the 
harmony wliich existed in the first form between the lesion of the 
optic nerve and the other symptoms of pressure is not here always 
apparent. 



3. Amaurosis witk excavation of the optic nerve. 

In these cases, which have been often called glaucoma, 
(but only since the introduction of the ophthalmoscope) the 
glaucomatous habitus is altogether absent in the external parts of 
the eye, whilst exactly the same form of lesion as in glaucoma 
occurs in the optic nerve. This is the only organic change that 
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call be sliown. Owing to the refractive media remaining perfecliy 
clear, the optic nerve may indeed appear of a somewhat different 
colour than in glaucoma, but no essential distinction can at present 
be made. As the rule, however, arterial pulsation does not spon- 
taneously appear ; yet I cannot deny that it generally occurs more 
readily on the application of the finger than in healthy eyes. In 
this case it is impossible for na to consider the pathogenesis of the 
lesion of the optic nerve in the manner already described, owing to 
the absence of all the other symptoms inilicative of increased pres- 
sure. To be clearly understood) it seems to me absolutely neces- 
sary to exclude these cases from the group of glaucomatous diseases, 
and to pursue their study under this or some other name. In the 
functional disturbances they have also the greatest similarity to 
chronic glaucoma; but their development is more uniform (gene- 
rally extremely slow), and the intercurrent obscurations are less 
marked. The chromopsice also arc not so prominent. The essen- 
tial character is a gradual limitation of the field of vision, generally 
spreading from one aide; sometimes it is exactly concentricol, aud 
the central vision of these caaes is often found to be, in a relative 
sense, extremely good, ao that individuals can read the smallest 
print, and yet no longer guide themselves with safety — an extreme 
discordance never found in chronic glaucoma. Besides the ideu- 
tity in the appearance of the optic nerve, and the similarity in the 
functional symptoms, the incorrect classing of this group of diseases 
with the glaucomatous was furthered by the circumstance, that 
sometimes a typical glaucoma is developed in the one eye, and in the 
other an amaurosis of tliis descriptitin, with excavation of the optic 
nerve. But independently of the &ct that these instances are ex- 
tremely rare, when cases of clironic glaucoma are definitely excluded, 
and hence should perhaps be referred to an accidental complication ; 
my former remarks upon sympathetic amaurosis of the second eye 
(see the previous treatise) might here deserve consideration, pro- 
vided, on further study, the excavation of the optic nerve should 
maintain a kind of pathognomonic indication of sympathetic amau- 
rosis, lliere might then be found in glaucoma a relation of the 
disease in the second eye analogous to that we have ab^ady dis- 
covered iu irido- choroiditis. 

I cannot at present confirm the observation that amauroses of 
this kind ultimately assume the appearance already depicted of 
T urge lllis, because il contradicts the n|iinton of some 
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of uiy colleagues, and m_v own earlier suspiciotia. We should bu 
especiftUy liable to be led into error by tlic second categorj^ of cases, 
in wiiich the change of the optic nerve is sometimes the most 
Btrikiag symptom, whilst in the earlier periods the other signs re- 
quire a very careful investigation, and only at a later time become 
prominent, a metamorphosis apjiarently taking place. The excep- 
tional occurrence of discordant affections in the two eyes h priori 
also favoured the view mentioned. In amaurosis with excavation 
of the optic nerve, 1 have seen uo other transformations than those 
of atrophy of the optic nerve and retina; and if the future should 
decide olherwiae — if a disease of the internal membranes, similar lo 
that of glaucoma, should be actually added to the simple affection 
of the optic nerve — still this would in no way justify us in designa- 
ting the lesion of the optic nerve in general as a first stage of the 
glaucomatous affection, since the very opposite is certainly the fact 
in the typical and most perspicuona cases ; but it would simply fol- 
low that a common internal cause {e.ff. in tbe vessels), according to 
its kind and degree, may educe two different forms of disease. (See 
A. f. 0., Bd. i, Abth. i.) 

Aft«r I had perceived the necessity of excluding these eases from 
the glaucomatous group, I was long inclined to combine them with 
cerebral amaurosis, because, amongst the changes presented by the 
latter, we not unfrequently discover in tlie optic nerves a stat* 
approaching excavation. Kut more distinct differences became by 
degrees apparent. In those cerebral amauroses to which I refer, 
the optic nerve is indeed excavated, but there is no displacement of 
the vessels, or it is only slightly marked. Again, the vessels them- 
selves become more delicate from the very first, and the substance of 
the nerve white, glistening like a tendon, and the periphery of the 
papilla smaller. In our excavation the veins especiaUy are moif 
diluted at first ; and only at a very late period docs the nerve be- 
come white, and sometimes a little glistening, the papilla, however, 
scarcely any smaller. Por the sake of distinction, I no longer term 
the former state " excavation," but "retraction." It certainly de- 
notes a species of atrophy of the optic nerve, and is generally 
accompanied by other symptoms, indicative of cerebral causes, 
which are almost constantly absent in the excavation. We must, 
therefore, for the present consider the excavation as an orgnnic dis- 
ease of the optic nerve. It is still very problematical whether there 
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are contractile exudnlions, drawing back the surface^ for no sl-agp of 
BwrJUng can be detected; but there must certainly ho a twofold 
process by which the lesions of the optic nen-e take place — first, 
by pressure on the surface of the papilla (glaucoma), and secondly, 
by traction from withiu the trunk of the nerve (amaurosis with es- 
carntion of the optic nen'e). It remains iinexpUined why the 
latter, though subordinately, shoold predispose to the pheuomenon 
of pulsation. 

I'rora my own observations, indeed, it is evident that we yet meet 
with much uncertainty in this subject, but I cannot too emphati- 
cally remark, fiat in the preient ttate of out knowledge, Ike lesion of 
the optic nerve alone is no longer to be considered at defining glau- 
eoma, ieeavte in a series of cases it has a pathogenesis quite foreign 
to glaucoma. 

VII. —According to the results originally presented by the ophtlial- 
moscope, the incurability of glaucoma seemed to be caused by the 
changes in the eye being only consecutive and arising from an 
extra- ocular source, either in the optic nen*e, or in the vessels of 
supply. Although I cannot yet entirely abandon the view of tlie 
etiological participation of arterial atheroma, as explained in my 
first note on glaucoma— a point to which I shall bereafttr retnm, — 
Btill the question of treatment took another direction so soon as [ 
no longer referred the origin of the blindness to the change of the 
optic nerve, but to the increase of intra-ocular pressure. The in- 
flammation even of the choroid, as we know, yields spontaneously, 
or is, as the rule, overcome by the usual remedies, especially ty 
Butipldogosis ; but the results of increased pressure — in particular 
the excavation of the optic nerve — are, from their injurious nature, 
most momentous. Hence my attention was directed to discovering 
some method of lessening the intra-ocular pressure. 

After nil other means, which have as their object a rapid with- 
drawal of the ocular fluids — in particular, antiphlogosis, diaphoretics, 
diuretics, purgatives, and a mercurial course carried even to saliva- 
tion — had been fruitless in my hands, as in those of other practi- 
tioners, I considered that I ought specially to direct mv altention 
to a local treatment. The first means I tried were the mydriatics, 
the influence of wliich in diminishing pressure I had long ago en- 
deavouied to demonstrate, and to render therapeutically serviceable 
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in Taiions ways. But in thia case there was not the slightest cura- 
tive effect. Even the accompanying ciliary neuroaea, wiiich inotlier 
diseases (keratitia, iritis) generally yield with such rapidity to in- 
stillations of atropine, were not in the least influenced, probably 
because, owing to the increase of the intra-ocular pressure, the my- 
driatic was only very slightly, if at all, absorbed through the 
cornea. 

With tills were connected trials of repeated paracentesis of the 
anterior chamber, which gave such evident results, that, with the 
view of promoting further trials of them, I did not hesitate to pub- 
lish them at the time (A. f. 0., Bd. i, Abtb. 2). Not only did the 
discharge of the turbid aqueous humour, and ita replacemeut by a 
more transparent fluid, improve the vision, but tn addition to the 
immediate action, and clearly distinguishable from it, a secondary 
curative action was induced in the diaease itself. Another and a 
great advantage of paracentesis was, that it showed the dependence 
of many glaucomatous symptoms on increased pressure (thus, of 
the corneal antestbesia). Finally, it was paracentesis which first 
enabled me to discover the ecchyraotic changes in the ocular back- 
ground during the earlier period of the disease, because it caused 
the refractive media to become clear at a relatively early time. 
But, uufortunateiy, in by far the majority of cases the curative re- 
sults were only temporary. Of the many patients whom I thus 
treated, only two liave been permanently cured : a woman, about 
fifty years of age, in whom both eyes successively presented the 
symptoms of acute glaucoma, and who now, three years later, yet 
enjoys perfectly good vision, in spite of an atrophied, diiicoloured 
iris, and irregularly dilated pupil ; the second case, a man of forty, 
whose right eye first became affected with glaucoma, and was cured 
by paracentesis, and whose left eye was attacked half a year later, 
and has been cured by iridectomy. It was evident that paracen- 
tesis was insufficient; and besides, the few really successful cases 
were of those in which the inffammatory process of esudatiuii, 
though accompanied by the whole seriea of symptoms of acute 
glaucoma, still on its first occurrence only moderately diminishes 
the power of Wsion, In other patients, after the improvement had 
lasted days, weeks, or even some months, a deterioration occurred, 
although generally not in the form of an acute infiaumiation, but in 
thai of chronic glaucoma. Even where the improvement in the 
visual aculeness seemed to last more than three months, still, even 
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witliin this period, a change for the worse might be foreseen, i 
to tlie coutraetion of the field of vision. At first I thought I could 
oppose these relapses by a methodical repetition of the pnracentesis; 
but the duration of the therapeutical etfect became each time less, 

and finally null (in regard to the visual power). 

Paracentesis having proved insufficient, my next inquiry was, 
whether a permaneut change of the pressure could be obtained in 
place of the temporary one? I already knew the action of iridec- 
tomy in chronic iritis and various forms of irido -choroiditis. Bat 
tlie conditions in glaucoma are so different from those in the ordi- 
nary irido-choroiditis, that I scarcely ventured to hope for therapeu- 
tical analogies with reference to this operation. There I was en- 
tirely guided by the condition of the iris, and the operation was 
directed against the exclusion of the pupil as the source of inju- 
rious consequences; but it did not appear from the results in irido- 
choroiditis that the excision of a portion of the iris had a direct 
action in diminishing pressure, and I was the less reminded of such 
an action, because the secondary effect is often even the relilliug of 
atrophied eyes.' 

On the other hand, it was especially the use of iridectomy in 
ulcerations and infiltrations of the cornea, that directed me to its 
effect in diminishing pressure. To the results of tliis treatment 
adduced in loy work (A. f. O., Bd. ii, Abth. a), another was soon 
added, apparently of great importance, It had reference to partial 
staphyloma of the cornea, and to staphyloma of the sclerotic. In 
the former, it was generally the custom in former days to combine 
removal of the staphyloma with the formation of an artificial pupil 
(provided it was indicated by the natnral pupil being unserviceable), 
the removal being lirst made, and then the artificial pupil formed. 

' Tbe objection has beea raised in maa; quarters, tiiat ttie rer; iucrease of 
tt^nsion in atrupliied cjes must liavu turned my miai from indectonij in glau- 
coma. I cannot entirely admit tbia, I bave never tbence draim ibe couclu- 
lioQ tbat iridectoni_i includes the direct action of an increase of pressure, but I 
havesimplyoonsidcredit as acting flgainsloboroiditis, and explained the rcSUing 
of tlie g\o\)e as an indirect result. Just as ciinrotdilis, aecordiii); to its degree 
■nd kind, may proituoc overfiUing of the globe or coUapse, so also maj llie saroa 
means, wliicli relieve cboroiditis, apparently produce opponitti elTccts. Tbe 
therapeutical effect of the treatment is often diamctricallj opposed to tbe pbj- 
aiologieal, iind if I now belieye tliat iridectomy lias physiologicallj a presaure- 
diminialiing effect, this is not, in mj opinion, opposed lo mj earlier exiieritncc 
with reference lo the refilling of atrophied eyes. 
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Having for other reasons reversed this practice, I found that after 
iridectomy the protruded part oftaa entirely receded to the level of 
the cornea, and that then the second operation became unnecessary. 
I liave even seen cases in which partial staphjlomata had been re- 
peatedly operated on without success, and in which iridectomy suc- 
ceeded. Thus, I have many times seen a perfect and permanent 
sinking back of the protruded parts after iridectomy, at first in 
blind eyes afi'ected with many sclerotic staphylomata ; and I have 
Bince performed the operation with success under similar conditions, 
when vision was still left. 

The question now occurred, whether iridectomy also causes a 
diminution of intra-ocular pressure in the healtliy eye, or whether 
this only takes place under certain conditions of disease. I think 
that I may answer this question affirmatively, althougli I cannot at 
present adduce any more exact investigations. The eyes of animals, 
from which I had excised large pieces of iris, generally appeared to 
me a little softer to the touch, and when I carefully introduced the 
canula of Anel's syringe into the anterior chamber of such eyes, the 
whole of the aqueous humour did not ascend tlirough the action of 
the intra-ocular pressure, as is usually the case, but only a part. I 
think I have also perceived a slight permanent diminution of ten- 
sion in patients, where an artificial pupil ha^ been made for leuooma 
adhairens. 

Supported by these facts and considerations, I considered myself 
perfectly justified in performing iridectomy in glaucoma; for I 
knew the favorable action of the operation on the condition of the 
choroid in regard to its circulation ; and everything seemed to favour 
the opinion that the operation probably possessed a physiological, and 
certainly, in many cases, a therapeutical pressure- diminishing action. 
The first trials were extremely uncertain, for I had no fixed princi- 
ples, either in regard to the choice of cases or the maimer of making 
thetrial. 1 first employed this method in June, 1856, and from that 
time have continued it, especially in the cases wliich I have already 
described as acute glaucoma. The immediate eEfects appeared from 
the first very favorable ; but remembering how my hopes had been 
frustrated in paracentesis, I was extremely mistrustful, and remained 
80 until, in time, distinct differences appeared between the present 
results and those formerly obtained. A continued improvement 
was generally apparent exactly in proportion as the observation was 
^^ prolonged ; the signs of glaucoma retrograded in the manner here- 
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I after to be described, and now, having followed some casea more 
' tlian a year, and a considerable number more than nine months, I 
think I cannot be mistaken in regarding iridectomj as a true cura- 
tive treatment of the glaucomatous process. It has its natural 
limits, like every therapeutical method ; and in some degree to de- 
1 fine these is the object of the following communication. 



Vm, — Were I to discuss the application of iridectomy to the 
Tarioos stages and groups of glaucoma in the same order in which 
they were successively presented for trial, I should have to begin with 
the old, and in part with cases that had completely run their course j 
for it is obvious that, owing to the uncertainty of success, a new 
method will be first tried in cases where as little as possible can be 
lost. I think, however, that by such an exposition 1 should lose 
sight of the indications on which I especially depend; and there- 
fore prefer to leave entirely out of question the historical de- 
velopment, and lo discuss the relative results in accordance with 
the previous nosologicid divisions. Accordingly I sliall coumiuni- 
cate my results in regard to iridectomy — 

1, In the premonitory stage of glaucoma. 

2. In the acute period of inflammatory glaucoma. 
3- In the later period of infiammatorj glaucoma. 

4. In chronic glaucoma. 

5. In amaurosis with excavation of the optic nerve. 

Perhaps it might have been better to coraraunicate in exiento all 
the reports of cases at my command, the number of which has 
become vety large; as by their consideration, the indications would 
have been spontaneously presented. But I have decided other«*ise, 
purtly to avoid so large an expansion of my work, and partly 
because many of the cases must be considered as not concluded, 
there being some probabihty that the condition last noted will not 
be permanent. The addition of some observations will, how- 
ever, 1 Ihiuk, assist in illustrating my previous remarks. 
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I. Iridectomy in the premonilory stage of Glaucoma. 

Patients affected with premonitory symptoms of glaucomatous 
disease in the one eye only, seldom seek medical aid j the symptoms 
are overlooked, or thought of little importance ; as is so often the 
ease in visual disturbances of one side. On the other hand, it very 
often happens, that one eye having been lost by glaucomn, the 
patients are frightened by the premonitory symptoms in the second 
eye. The question naturally arises, whether we should wait for the 
distinct outbreak of glaucomatous disease in the second eye, or 
proceed to operate even during the premonitory stage. I'or a long 
time I delayed operating, because vision is still acute during the 
intermissions ; and for the same reason, the whole of the treatment 
must previously be proved quite safe. At length, having continually 
become bolder, from repeated successes, I operated on some cases, 
even in the premonitory stage, and was perfectly satisfied with the 
result. The obscurations did not in any case recur after iridectomy. 
The ciliary neuroses and chromopsiee also disappeared; even the 
periodical cloudiness of the aqueous humour, which in one case 
regularly accompanied the obscurations to a moderate extent, never 
reappeared after the operation. Sometimes the anterior chamber 
appeared less flat than previously ; 1 cannot at present decide as to 
whether there is a slight diminution of the presbyopia, I have 
now watched for some months after the operation, three such cases, 
in which the obscurations occurred with tolerable frequency ; and 
ttiiuk I may conclude that tliis success will probably be permanent. 
By the formation of a moderately broad coloboma, the acut^uess of 
vision is no more affected than the accommodation, as is already 
known ; and if slight differences in regard to the latter points should 
result, still these would be unworthy of consideration, compared 
with the prevention of |)erfect bhndness. Of course, such an early 
apphcation of irideclomy has its reasonable hmits. If, for example, 
the premonitory signs are limited to painful sensations in the fore- 
head and temples, and to iridescent vision, without any obscuration, 
and if these pains return at intervals of many mouths ; if iu addi- 
tion the eye does not present the slightest appearance of disease, I 
should not advise any operative interference; because this state 
may continue for a period of many years, and because very few of 
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the patieuts perceive, indeed, their danger. There ia not the le« 
risk in temporising nnder such conditions, or in tlie use of proper 
internal nieaua ; and we should not forget, that an operation, even 
though attended with so little danger as iridectomy, muy exception- 
ally become the exciting cause of had results, through the con- 
currence of accidents, the disobedience of patients, &c. WTien oue 
eye is blind from glaucoma, and the second is threatened, I am in 
the habit of recommending the patient to resort to the operation as 
eoon as the premonitory symptoms become tolerably distinct in the 
second eye, and especially if they are accompanied by increased 
obscuration. We cannot eafely wait for an acute iutlamraatory 
attack ; for tiiongh 1 shall also show (sub. a) that iridectomy, even 
during the acute stage, generally induces perfect restoration, still 
the transport of the patient becomes more critical, the operation itself 
more painful, requiring greater care in its performance and in the 
after-treatment ; there are more extensive retinal ecchymoses, owing 
to which vision is more slowly restored ; there usually remain changes 
of the iris, immobility of the pupil, and paresis of accommodation ; 
and it is much more difficult to define the limits beyond which relief 
may be only partial. Besides, we must not omit to state that the 
premonitory stage does not always pass into the acute form, but 
sometimes, by continual elongations of the exacerbations, into the 
chronic; and tliat then the affection either does not assume an 
iuQanimatory character, or only at a time when important secondary 
results prevent a perfect restoration. At oil events, the premoni- 
tory stage is the most favorable period for the performancii of 
iridectomy. Sometimes, indeed, even in this case, retinal ecchy- 
moses appear after the operation, yet, as before stated, to a far less 
extent, and (even without a compressing bandage) extensive 
hemorrhages into the aqueous or vitreous humours never occur. 

Had iridectomy only the power of preserving a second and 
tlireatened eye, after the first had become blind from glaucoma, our 
science would have been deeply indebted to the operation : to a 
thoughtful practitioner, these cases were of an extremely depressing 
character, for owing to his complete powerlessness, blindness appeared 
an inevitable result. AVe must indeed deplore that this most happy 
application of iridectomy is limited to the least part of glaucoma- 
tous cases ; because there is frequently no premonitory stage, and 
very often medical aid is not sought until the disease has further 
advanced. 
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Case i.' — ^Wilhelm Hilffler, resident in Berlin, ret. 71 years, 
came to me ou the 15th I'ebruary, 1857, on account of almost per- 
fect blindness of the right eye. It had existed for many months, 
and presented the signs of an acute glaucoma, in its latter atnge, 
I shall return to the history of this right eye when I consider the 
morbid group concerned [vide Case 9). Even at tlie time when 
the patient was admitted into my clinic for iridectomy on tiie right 
side, the visual acnteness of the left was found on trial a little 
changeable, and a few weeks after the performance of iridectomy on 
the right side with relatively good effect, very distinct periodical 
obscurations occurred on the left, which excited the fear of an early 
outbreak of the glaucomatous process. In the last week in March, 
scarcely two days passed without such obscurations, to which were 
added ominous objective appearances, the pupil became somewhat 
dilated and perfectly immoveable, the cornea a little less sensitive, 
the aqueous humour diffusely clouded, the subconjunctival vessels 
injected; rainbows appeared around tiie flame of a caudle, pretty 
considerable photophobia, vision diminished until large print could 
scarcely be recognised, and the distinctness of excentrica! vision in 
particular lessened on every side, so that during the attacks the 
patient could scarcely guide himself. At the same time he had ex- 
tremely violent pains in the forehead and temples, wliich, when they 
occurred at night, completely banished sleep. At first, the attacks 
lasted some hours ; in the latter days of March, twelve hours and 
more; an opiate appeared to shorten them, but not to lengthen the 
interval, and, as usual, other means proved ineffectual. Finally, 
even the intervals threatened to disappear entirely, and the pupil no 
longer recovered complete mobility, so that I considered the time 
for an operation had arrived. 

Shortly before the operation the state of the vision was as fol- 
lows : the patient could count fingers at the distance of six feet, 
and read No. 16 of Jitger's specimens of print with difficulty and 
with errors. No. 14 not at all; with convex 6 he read No. 14 
word by word, hut tolerably precisely, of No. 11 the shorter 
words, of No. 8 nothing; there was no essential contraction of the 

' In tlieso histories of cases I sliaU pay little regard to circunislaiices having 
reference to tlie general condition, because, however imporlniit sucli maj be in 
other respects for the comprehemLOii of glauconiB, their consideration would 
materially increase the length of my easay, and not be of much service vrilli 
refercDce to my object. 
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visual field, but diminished clearoess of the excentrical vision in 
every direction ; frontal pains moderate. The period of the opera- 
tion corresponded with an obscuration which had imperfectly 
ceased ; correspondent with that were the objective signs, which I 
ueed not repeat. 1 performed iridectomy at the inner side on the 

iBt of April. The frontal paiua ceased immediately afterwards. 
On the 5th of April the patient was discharged from the hospital; 
no obscurations nor other premonitory symptoms recurred. Vision 
coiitiQually improved, the pupil regained its normal mobility, so 
far as was compatible with the coloboma ; the cornea became 
normally sensitive. On the 13th of April an examination gave the 
following results : the patient read with the convex glasses (+• la, 

+ 10), proper for his presbyopia, print No. 6 at sight. No, 4 
slill precisely but rather slowly. No. 3 also precisely but word by 
word, stopping occasionally, of No. i he recognised only the easier 
words. The ophthalmoscope showed no retinal ecchymoses nor 
other changes of the iuternol coats; the refractive media were now 
perfectly clear, and the optic nerve normal. Vision continued to 
improve, so that in the month of August he could even read print 
No, I, with the exception of only a few words. At that time he 
followed his usual occupations, paying not the slightest attention 
to the eye — a point to which I cannot draw too great attention, 
because it is well known, how otherwise, with similar antecedents, 
accidents are caused by the least injuries. 

Summary. — Cure, and apparently a permanent one,' of a glau- 
coma of tlie left side after from four to five weeks' premonitory 
stage, in wliich tiie obscurations occurred ut intervals of from one 
to two days, and consequently the outbreak of a subacute glau- 
coma had to be taken into consideration.^ The cure of the glau- 
comatous inflanuuatiou in the right eye hatl no iullnence in respect 
to the second eye becoming diseased. 

Iridectomy had the same result even when the premonitory stage 



' IT ia tUe future, recurrences should take place in patienls, wliom 1 at pre- 
Kut adiluce na " apparuullj pi;riiiiin<^iiLl; cured," 1 sliail consider mjself bound 
to refer to Lliain in later uotices. To be uble to do so rrentUBllj, I give tbe 
URiues of all tlie cases, wliicli olIienvlHo I aliould prefer omiubg. 

1 Nu eiBct limits can be drawu bi^twccu the premonitory sla)<:e and cliroiijo 
glHuoomB. I geuerall; coaitidcr tlic former to be ended wlieo tlic inlcrvala are 
110 lougcr distiact. 
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ha^ lasted a very long time. As an instance, I mention a patient 
who was under my treatment two years ago, one eye blinded by 
glaucoma wliich bad run its course, and the second in the pre- 
monitory stage. Since at that time the periodical obscurations 
were constantly becoming more frequent and intense, and I knew 
no treatment for the glaucomatous process, I prepared the patient 
for the worst, and sent him home to his residence elsewhere. In 
this very case iridectomy was performed with great success three 
fourths of a year ago, by my assistant-surgeon, Dr. Alfred Gracfe. 
In the intermediate time the obscurations had become more in- 
tense, but there had always been tolerably long intervals between 
them. 



2. Irideclomi/ iit the acute period of Iitflaminalori/ Glaucama. 

I have had much more experience in this than in the premoni- 
tory stage. I have performed the operation on more than twenty 
eyes soon after tlie outbreak of the first acute iiiftammntion. In 
some eases the inflammatory irritation U'as so great, that, a priori, 
operative interference appeared critical ; the most violent ciliary 
neuroses, great chemosis, lachrymation, and photophobia were pre- 
sent ; in short, the type of the most exquisite arthritic ophthalmia. 
At first, I nsed to endeavour to alleviate the symptoms by anti- 
phlogistic treatment, opiates, &c. ; but at a later period, I became 
connnced that, notwithstanding the violent inflammation, it was 
better to perform iridectomy immediately, for it is especially under 
these circumstances that any delay is dangerous, and that the 
operation itself is the moat certain treatment of the inflammation. 
It was found that, not only did the symptoms of irritation recede 
after the operation without the use of other means, but tliat there 
correspondingly occurred in all cases a very rapid clearing of the 
refractive media, so that even six or seven days after the operation 
the posterior regions of the eye could he readily examined by the 
ophthalmoscope, Tliis enabled me to ascertain various nosological 
results in regard to the process. The latter have been already 
mentioned in the course of my earlier communications ; still I do 
not hesitate to briefly repeat them once more, in their natural 
connexion. 

A. After the fiat inflammatory attack the optic nerve is per- 
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fcctly normal, and there is no trace of excavation or of displace- 
ment of the vessels, provided there lias been no previous chronic 
glaucoma, but that the disense has occurred in a healthy eye, or 
after a premonitory stage of a positively intermittent character. 

B. It is the same with arterial pulsation. 

c. The round spots of retinal ecchymosis are indeed constantly 
fonnd, bat there is no doubt that most of them arc formed after 
the operation. 

D. On a very accurate examination, especially of the equatorial 
region, choroidal ecchymoscs are frequently observed. These, how- 
ever, disappear with extreme rapidity, so that it has not yet been 
ascertained whether their inconstant occurrence depends on the 
disease, or altogether on the time of observation. Certainly, they 
must not be considered as entirely produced by the operation, for 1 
have many times observed them before its performance. In general, 
the vision improved immediately after the operation, owing to the 
escape of the turbid aqueous humour, just as in paracentesis. Its 
degree is, however, trivial, when compared with the subsequent 
improvement of which some small part may also be referred 
to clearing of the ocular fluids ; in my opinion it results from the 
retina resuming its functions, which had till then been impeded 
by the intra-ocular pressure. 

Tlie opinion that the restoration is entirely dependent on dear- 
ing of the refractive media, is easily disproved. For example, 1 
refer to Cause's case (Case 2) ; before the operation there was 
no qualitative perception of light, aitd yet the ophthalmoscope 
showed to some extent the contour of the optic nerve. In accord- 
ance with that, the patient ought yet to have been able to re- 
cognise large objects. Five days after the operation there was a 
tolerably large quantity of blood in the anterior chamber, so tliat 
when examined by the ophthalraosco|je, the background of the eye 
seemed still more hazy than before the operation ; vet the patient 
could again count fingers at the distance of three to four feet. 

Tliere is in general no direct proportion wliatever between the 
clearing of the refractive media and the restoration of vision; an 
indirect one is produced by the cloudiness being certainly con- 
nected with increased secretion of fluid, and tliis again with the 
continuance of choroiditis and increase of the intra-ocular pressure. 
The chief effect on the vision is attained in from two to three 
weeks. The congeslive phenomena usually cease at a far earlier 
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period. In these coses the cornea always regains its sensitiveness, 
whOst in older cases this no longer takes place, probably because 
textural changes in the nerves passing to the coraeo have been 
formed, which are no longer capable of retrogression. The ciliary 
neuroses generally cease immediatplj after the ojwralion j in a few 
cases only did slight paroxysms of frontal pain still occur for the 
first two days ; as the rule there waa perfect freedom from pain, 
or a traumatic sensation of alight pressure in the eye, perfectly 
different from the former pains. The state of the iris is very 
various, and clearly dependent on the degree of iritic participation. 
I have scarcely seen a perfectly mobile and normal iris, after acut« 
inHammations had once occurred. Frequently partial mobility re- 
turned, but in most cases the pupil remained perfectly fixed, and 
moderately dilated, though not so much as it had beeu prenously. 
Sometimes also, sufficient allowances being always made for the 
coloboma, the pnpil became somewhat more contracted than nor- 
mally. Irregular form and displacement of the pupil not unfre- 
quently remained, even when there were no posterior synechia; ; 
and, as is usually the case in glaucoma, must be referred to nnequal 
paralytic participation of the ciliary nerves. Hence it is a question, 
when we seek an explanation why the pupillary lesion continues, 
whether the cause lie in structural alterations of the iris, or, 
perhaps, in rapidly oectirring changes of the ciliary nerves them- 
selves. It is difficult to decide this with certainty ; I am, however, 
more inclined towards the tirst opinion, for the pupillary affection 
is generally in an approximative relation with the permauent struc- 
tural changes of the iris. In all acute cases the latter never 
recovers its normal appearance, but ash-gray discoloraliona and 
some indistinctness of fibriUation remain, in the form of spots, or 
extending over a larger space, especially towards the periphery. 
This is at all times a proof of the glaucomatous lesion, and is of 
importance for the determination of cases at a lat«r period. The 
tenseness of the globe receded perfectly to its normal araouut ; the 
operated eyes seemed to the touch in some cases even a trifle 
softer. 

Though the restoration of vision most strikingly advanced within 
the period of two to three weeks, still a continual improvement 
always occurred from this time onwards ; so that the vision recovered 
its utmost acutcness only after about six weeks. This improve- 
ment was, in my opinion, especially eonnerled with the retrogression 
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. of the retinal ecchmoses. Of these, the smaller ones were, indeed, 
of no ^at importance when they were excciitrical ; bat, on the 
other band, the larger ones canned indistinctness of eieentrical 
vision in certain portions of the visnal 6eld, seotomata, &c. Tho 
region of the macula Intea was also sometimes affected ; then the 
central vision, of course, was mnch impaired. In a case of that 
kind, the occurrence of exccntrical fixation would have excited great 
fear for the result, had not the ophthalmoscope shown its cause to 
be a large central retinal ecchjTnosis ; and experience already proved, 
that after retrogression of the retinal eechvmosis, the retina again 
becomes capable of conduction in all the affected parts. In six to 
eight weeks, at the latest, tlie last traces of retina! ecchymoais 
disappeared. 

Tliis was true of all cases of glaucoma, except one (Madame 
M — 1, from Vienna), in whom the retinal lesion took a particular 
turn, after an artificial pupil had been made for chronic glaucoma. 
Tliere repeatedly occurred fresh retinal ecchjmoses, although the 
exterior of the eye looked as well as could be wished, and finally 
white patches formed around the s^jota of blood, as in albuminuria. 
In fact, albumen was also found in the urine at a later period. This 
case must be temporarily excluded from consideration, and is in- 
teresting, iiiftsnuich as the retinal cccliymoses succeeding iridectomy 
formed the exciting cause of retinal degeneration, which was pro- 
bably connected with a renal affection. 

Vition teat perfectly retlored in alt case* in ipiieA lie operaiion 
Ktu performed before tke /erminatiun of two veelctfrom, the occurrence 
of in^mvialion. Some of these cases seemed perfectly desperate ; 
for every trace of the qualitative perception of light had been al- 
ready extinguished. I need scarcely mention that at first I pro- 
mised but little to these patients. I frequently undertook the 
operation {see Case 2) altogether on account of the violent ciliary 
neuroses, and the effect was, in both resiiects, very surprising. It 
is only within the last lialf-year that I have ventured to predict 
complete restoration, even where the power of distinguishing has 
been perfectly lost, it being presnp|H)sed (hat less than two weeks 
have passed since the commencement of the inflammation, and that 
a moderate quantitative (jerception of light exists. 

On longer obsen'ation, my fears that the results might not be 
permanent proved unfounded. Very soon there appeared marked 
distiiictiotis from the other remissions of the glaucomatous process. 
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Tile iiekl of vision remained absolutely normal. Excentric vision 
continued distinct, after it had once attained a certain degree. Kot 
the slightest premonitory symptoai recurred. The congestion of 
the subconjunctival vessels entirely disappeared ; the anterior chamber 
was no longer contracted ; and nothing betrayed an abnormal con- 
dition of the eye, except the hue of the iris, and the sluggishness 
or immobility of the pupil. Should the fear of recurrence at a 
later period still be entertained, it is true that I cannot wholly 
allay it, on account of the limited duration of my cases ; but this 
much is certain, that a similar intermission of the glaucomatous process 
never occurs spontaneously or after any other treatment. Accurate 
observation in the other states of inflammatory glaucoma, which 
have been called stationary, always yields essentially different cha- 
racters, particularly on a functional examination. Many of the 
cases operated on were exposed to various noxious influences in 
their utmost extent, and many of them have now been under ob- 
servation for about a year, without my having to make any restriction 
in what has been said. Whatever the final result may be, I think 
that practitioners who are acquainted with the course of acute glau- 
coma will feel themselves already justified by these statements in 
adopting the treatment. In spite of the surprising results of iri- 
dectomy soon after the occurrence of inflammation, still a careful 
survey of the effects will prove the correctness of what has been 
stated in favour of operating during the premonitory stage. I may 
point out once more the difference in the danger of the operation. 
An accident of con8C(]uence will rarely occur in the premonitory 
stage, even when the operation is not quite correctly performed. 
On the other hand, success may be frustrated in the acute period 
by internal lijemorrhages, very large retinal ecchymoses, &c., wheu 
all precautionary measures are not taken (see IX). These may pos- 
sibly occur in scattered cases, notwithstanding the greatest caution ; 
this, however, can only be decided by extensive statistics. 

Wlierc, then, must we draw the limi t, between the recent and ohi 
cases, BO as to render ourselves intelligible? It is clear that this 
question can only lead to a perfectly arbitrary answer, for no dis- 
tinctive symptom is found in the further course of the disease. In 
regard to the prognosis, it would be most proper to call the cases 
recent in which there are as yet no contraction of the field of vision 
and no esciivation of the optic nerve. Unfortunately, both these 
signs are difficult to determine in the inflammatory stage of acute 
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glancoma, because the hv.inesa of the reinctive media sometimes 
renders it imjio^ble to detennine with accuracy the condition of 
the papilla, and b^^nse exc«asive difficulties are occasionally opposed 
to the limitation of the visual field, when there ia no loager any 
qualitative perception of Ught. Hence we were forced in our com- 
munications to fix an arbitrary limit to the duration ; and we repeat, 
that the cases mentioned were within a period of fuiirteen davs from 
the first outbreak of inflammation. In all these cases no excavatioa 
of the optic nerve occurred at a later period ; and I cannot admit 
any transitory affection erf the optic nerve, so long as no case is 
known in which an excavation has clewly disappeared after iridec- 
tomy. Even in the case in wliich only quantitative perception of 
light existed (Oba. a), it seemed to extend miifornily over the whole 
field of \Tsion ; and yet this could not be explained by any difiusion 
of the light. Consequently, it appears that both the above condi- 
tions are invariably present, when we speak of a duration of fourteen 
days. On the other hand, we shall hereafter sec that, fortunately 
for the cure of glaucoma, these very conditions are oft? n found even 
after far longer periods. 

The observation of cases shows that iridectomy has no consider- 
able influence over the second eye. It is not uimsual for the affec- 
tion to occur in the one eye soon after a successful operation on the 
Other {vide Obs. 4 and 6), whilst in other cases the second eye has 
Jiitherto remained unaffected. Since the latter, however, is often 
the case for years, when the affection has followed its own course, it 
is not conclusively indicative of a favorable influence ; and the former 
instances prove that the glaucomatouM inflammation of the second 
eye does not sympathetically depend on the disease of the first eye. 

Casb 2. — Herr Gause, of Berlin, about 50 years old, had re- 
marked, during the years 1850-55, his vision being good, a very 
great increase in his presbyoiiia, so that he was obliged to increase 
from + 24 as far as + 10. On the Sd of January, 1855, he was 
attacked by a violent inHammation of the right eye, without the 
occurrence of any premonitory symptoms, according to his account, 
after taking cold ; when there ensued lacerating pains in the fore- 
head and temples, iridescent vision, and a rapid obscuration of the 
sight on the right side. Some days later he «'as received into my 
cliuic, the appearance of glaucomatous choroiditis being fully de- 
veloped. The disease was at that time treated hy paracentesis. 
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which seemed to afford a very aatisfnctory result; in fact, no fresh 
inflammotion arose, even at a later period. In March, however, a 
distinct deterioration of vision and gradual eoutraction of the visual 
field were already presented; atrophy of the iris and autesthesia of 
the cornea progressively advanced, although the refractive media 
remained clear. In August, 1855, the right eye had become per- 
fectly blind. 

The left eye of the patient continued healthy till the 15th of 
December, 1856; the presbyopia alone Iiad slightly augmented 
(to + 8). There occmred on the day mentioned iridescent vision 
and pains in the forehead and temples, and, on the next day, 
an extremely violent inflammation. I saw the patient on the aoth 
of December; he was exceedingly exhausted by the very severe 
pains of the last few days, and perfectly resigned to the loss of his 
sight, which liad been immediately destroyed on the occurrence of 
inflammation, and, as he cleaily perceived the uniformity of the dis- 
ease on the left with that of the right side, he believed that permanent 
blindness was inevitable. It was simply for the unbearable pains 
that he again required my assistance. Eiamination showed great 
injection of the anterior ciliary vessels, alight chemosis, the anterior 
chamber densely and uniformly clouded and flattened, the cornea 
insensible and its posterior surface hazy, the pupil much dilated 
and smoky, the iris of a dirty hue, the globe tense, and no quali- 
tative ptreeption of light loiattver, so that the patient could not 
perceive the motion of a hand, even with the strongest light. The 
quantitative perception of light was also very indifferent ; the light 
of a lamp, which had burnt low, was not distinguished. On the 
other hand, that of a lamp wliich burned brightly was recognised 
in a darkened chamber at the distance of some feet, and, as it 
seemed, uniformly by every part of the visual field. I proposed 
iridectomy, but, owing to the power of distinguialiing being per- 
fectly lost, (lid not venture to promise any restoration of vision, but 
only relief of the inflammation. I previously made a careftil 
ophthalmoscopic examination, with the object of determining the 
influence which the turbidity of the refractive media might hava 
on the blindness; the background of the eye, of course, seemed 
extremely dull, and yet we perceived, to some extent, the contour of 
the o]jtic nerve. Evidently there was in this an important dis- 
proportion with the patient's vision. Iridectomy was i>erformed 
on the 22d of December, by excision at the inner side. Although, 
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when the aqueous humour had escaped, the pupil and iris seemed 
considerably clearer, yet, immediately after the operation^ the 
patient could not perceive the motion of a hand. The ciliary 
neurosis immediately and for ever ceased, and the patient only 
slightly felt the pain of the wound in the eye, which, however, did 
not in the least interfere with sleep. On the next day the injection 
was already retrograding, but there was still a considerable quantity 
of blood in the anterior chamber ; yet the quantitative perception 
of light had materially increased, and the light and shadow of a 
lamp, burning very low, could be distinguished almost at the 
distance of a foot. A slightly compressing bandage was applied. 
On the second day after the operation the blood in the anterior 
chamber had diminished in amount ; the patient could clearly dis- 
tinguish the motions of a hand, and this over the whole extent 
of the region of excentric vision — a point of special importance, 
because, the perception of light being dull before the operation, 
I had not yet been able to come to a satisfactory conclusion about 
the field of vision. Four days after the operation the patient was 
already able to count fingers with certainty, and one day later 
at the distance of three feet. A perfectly exact examination was 
now made for the first time since the operation, with the following 
results : the cornea normally sensitive, no injection whatever ; 
the pupil very much diminished in comparison with its former 
state ; the globe less tense ; o\»iiig to the hsemorrhagic saturation of 
the aqueous humour having not yet disappeared, the colour of the 
iris and pupil could not be determined with certainty; for the 
same reason, the examination with the ophthalmoscope also gave, 
as yet, no positive result, and the contour of the optic nerve was 
now seen less distinctly than before the operation — ^a circumstance 
which I expressly point out, because it shows how little the previous 
state of vision can be optically explained. On the 28th of 
December the patient was discharged from the hospital, and eight 
days later the state was again noted. The pupil had now a 
healthy hue, and was of almost normal size, which it has since pre- 
served ; the outer portion of the iris presented some circumscribed, 
gray blotches, which were permanent; in other parts its colour 
and fibrillation were perfectly normal ; the anterior chamber, com- 
pared with the presbyopia, not very small, and quite clear; the 
pupil very slightly afTected by light. The ophtlialmoscope did not as 
yet show the background so distinctly as in the healthy eye, which I 
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referred to some of tlie diffuse turbidity of the vitreous hnrnour 
still remaining, yet moat of the details tould be readily determined ; 
the optic nerve was not in the least excavated ; round spots of ecchy- 
mosis were found in various parts of the retina, and especially where 
two veins united. Accurate drawings were made of some of them, so 
that we might determine any changes with certainty. The patient had 
no difficulty in counting fingers at the distance of twenty feet, and 
read, with + 8, No. 14 of Jager's specimens fluently between eight 
and ten inches; he deciphered No. 1 1 word by word; ofNo.Shere- 
cognised syllables here and there. Two weeks later, he read with the 
same glasses No. 6 with ease. No. 4 word by word, and recognised 
a few words of No. 2 ; the field of vision was quite normal, the 
background of the eye perfectly clear, a part of the retinal 
ecchymosea had already disappeared, and those still remaining 
were smaller. Eight weeks after the operation no trace of retinal 
ecchymosis coidd any longer be discovered ; the patient read print 
No. 4 and No. 3 fluently, and recognised most words of No. i ; the 
pupil acted so slightly as to be scarcely noticeable, and remained so ; 
the accommodation was yet extremely limited, as has been the general 
result in a great part of my operations. This probably depends on 
permanent changes in the iris and tensor choroidese. Trom that 
time the patient followed his usual occupation. AVhen I last saw 
him, eight months had elapsed since the operation, and yet there 
had not been a trace of suspicious symptoms similar to those of the 
premonitory stage ; vision had even a little improved since the last 
examination ; the field of vision was absolutely normal. 

Rmtmi. — Case of acute glaucoma, without premonitor)' stage. 
Immediate and perfect loss of the power of distinction. Iridec- 
tomy after seven days. Cure (eight montlis ago). Proof that the 
effect is not explained by the clearing of the refractive media. 
Parallel of the course in the eye treated by iridectomy, and that by 
paracentesis. 

Case 3. — Oertel, a confectioner of Berlin, a healthy man, of 
about 40, had been in good health, till the middle of December, 
1856. At this time, according to his own account, there suddenly 
occurred, without premonitory symptoms, on the right side, a 
feeling of pressure in the eye, pains in the forehead and temples, 
photophobia, lachrymation, and some loss of sight. During the days 
immediately succeeding the outbreak the symptoms again re- 
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luitt^d. From tJie 24th of December, however, tliey const 
creased. I saw the patient on the 36th : — choroiditis gkucoumtosa; — 
just the same appearances tts in the left eye of Cause (Case 2), the 
pupil, however, only moderately dilated; the sensibility of the 
cornea scarcely diminished ; on the other hand, the anterior cliamber 
extremely flat, the aqueous humour very turbid, the quantitative 
perception of light good, tlie qualitative almost lost, and only with 
tlie best possible illumination could the patient perceive the motion 
of a hand; ciliary neurosis very violent. Iridectomy, by excision on 
tlie inner side, ou the 27th of December. Some hours after the 
operation there was a paroxysm of frontal pain, wliich did not 
reour; a perfectly good night. Next day, no blood in the anterior 
chamber, which was still somewhat clouded ; the posterior surface 
of the cornea dull, the congestion less ; the patient could perceive 
the motion of a hand at the distance of a foot. Three days after 
the operation he counted fingers. Dischai^ed from the institution 
on the sixth day. Ten days after, the lirst accurate examination 
showed the following state : little or no congestion ; the aqueous 
humour not yet quite clear; the cornea normally sensitive, the 
clouded appearance of itfi posterior surface limited to a rather small 
Bpace in the centre ; the tissue of the iris very much changed ; large 
gray spots, in whidi the fibrillation was very indistinct; the 
pigmented margin of the pupil here and there entirely deficient; 
tlie pupil still continued to be rather dilated, almost to the same 
extent as before the ojieration, also perteclly fixed; the anterior 
chamber still very fiat, the determination of the ocular back- 
ground still difficult; retinal ecchymosee,' perfectly resembling 
those of Gause. The patient counted fingers at the distance of 
tliree to four feet, recognised words of print No. 16; tlie visual 
field was normal. Three weeks after the opejalion the refractive 
media were clear, the retinal ecchymoses already retrt^ading ; the 
optic nerve perfectly normal ; the iris and pupil still in the same 
state; the anterior chamber, however, less flattened; the patient 
lead print No. 11 fluently. No. 8 accurately, and words of 
No, 4. Six weeks after the operation the objective condition waa 

' I do not append to tliese observations tlie cases in whicli clioroidal eccbj- 
Bioses could be clearly shown, because it is only witliin llie last four niontlis 
that I have succeeded in lindiiig them in scute glancomfl, and because stinli 
recent cares would be yet too uncertain with regud to the reiulta of Ireal- 
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the same, excepting that the retinal ecchymoses had entirelf dis- 
appeared. The patient read print No. 4 precisely, and some 
words of No. a. Since then he has been in many ways exposed to 
the most various norions influences, especially night-watching and 
exposure to glaring light (as a confectioner), yet no threiatening 
symptom ever apjieared in the trials, which were repeated at 
regular inten'als of tliree to four weeks. The far-advauced altera- 
tions of the iris still remain exactly in the same state, and would 
certainly cause alarm had not everything else remained nornud ; 
vision has even continued to improve. The accommodation of the 
right eye lias, in this case, remaiited extremely limited ; the left eye 
hitherto healthy. 

Ji^aumJ. — Acute glaucoma, without a premonitory stage,' Iri- 
dectomy a week and a half after the outbreak. Perfect restoration 
of vision (of eight mantlis" duration) ; far advanced alterations of the 



Case 4. — Madame Maas, of Berlin, a lady of about 50, with rather 
inactive bowels, otherwise healthy, had remarked, in reference to 
the right eye, since the winter 1855-6 iridescent vision, increased 
presbyopia, and occasional obscurations ; had, however, paid little 
attention to these appearances, so that they were oidy ascertained 
by a thorough examination of the case. In I'ebruary, 1857, there 
sudderdy occurred on the right side violent frontal pains, photo- 
phobia, lachrymation, and, in a few hours, entire blindness. I saw 
the patient three days later; on the right side there were aD the 
symptoms of glaucomatous choroiditifi, injection very great, 
chemosia to a moderate extent, the cornea tolerably insensible, 
mydriasis and flattening of the anterior chamber extremely great; 
on the other hand, the aqueous humour was not very turbid, there 
was quantitative perception of light over the whole of the visual 
field, and, indeed, to such an extent, tliat the light and shadow of 
a lamp, burning modejately low, were distinguished to the distance 
of eight inches; she could perceive tlie motion of a hand only 
when brightly illuminated, and even then with uncertainty ; at the 
same time she had violent frontal pains. The next day 1 per- 
formed iridectomy by excision on tlie inner side; although the 
aqueous humour was only sUghtly turbid, still the effect was so 

' The existence of the premonitory Btage caa never be with certiiinty denied 
wben one side onlj is affected, for the symptoms easilj escape the patient. 
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immediate, that after the operation she coiJd count fingera with 
certainty, A slight pain, as of a wound, took the place of the 
torturing ciliary neurosis, and allowed a good night's rest. On the 
momirg after the operation the chemosis had entirely disappeared, 
tiie injection of the anterior ciliaiy vessels bad very mneh rliniiuished. 
She counted fingera from two to three feet off; owing to the great 
mental exritahility, a more accurate examination was avoided. The 
improvement continued for the two following days, as well as could 
be wished. Three days after the operation she was attacked by 
frontal pains on the left side, which became very acute towards 
evening; at the same time the right side continued perfectly un- 
aifectfid. The next day an outbreak of glaucomatous choroiditis 
could be clearly perceived in the left eye. The congestive pheno- 
mena were so severe on the left side that I vaa almost afraid 
of operating; the chemosis in particular was very great, and even 
touching the ejehds caused violent pain. The pupil appeared less 
dilated in this than in tlie former eye, but very irregularly in- 
dentated; there were also broad posterior synechia; on the internal 
and inferior sides, the aqueous humour very turbid ; yet she could 
still count fingers at the distance of some feet. It was decided 
to perform iridectomy on the following day, when a large piece of 
the iris on the inner side was excised. This was on the fifth day 
after the operation on the right side. Owing to the large amount 
of chemosis a few short incisions were also made in the conjunctiva 
Boon after the operation, so as to allow the escape of the serum. 
The pains ceased immediately; the day foUowing only a slight 
amount of chemosis had recurred, which, however, soon entirely 
vanished. In a few days the injection retrograded, and improve- 
ment took place just in the same way that has been described when 
speaking of former patients. It was now very instructive to com- 
pare the two eyes, of which the first was operated on the fifth 
day of its being diseased, and the second two days after the attack. 
Tliis comparison soon proved very strikingly to the advantage of 
the latter eye; in eight days its power of vision had already 
reached that of the right one ; the patient could now read with 
either eye No. 14, by means of proper convex glasses, with trouble, 
and recognise most words of print No, ii. From that time the 
vision of the left eye surpassed that of the right ; three weeks after 
she could read with the left eye print No. 3 with certainty ; on 
the other hand, with the right, even print No. 6 only with diffi- 
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culty. li^tinal ccchyraoses existed, but what relation their retrogres- 
sion bore to the improvement I cannot determine, for the patient, 
residing in the eity, was esamined only at long intervals. A dis- 
tinct difference in the viaion of the two eyes remained even at a 
later time. The visual field was on both sides normal ; the optic 
nerve healthy ; the refractive media became clear, the cornea 
normally sensitive ; the globe lost its tenseness ; the pupil remained 
on the right side moderately dilated and perfeetly fixed ; the iris dis- 
coloured in spots, but the anterior chamber in relation to the 
presbyopia not flattened; on the left side the pupil regained a 
medium size, and was slightly affected by tight, notwithstanding a 
broad posterior synechia; the tissue of the iris was but little changed, 
the accommodation indeed limited, hut not nearly to the same 
extent as on the right side. When I saw her for the last time, six 
months after the operation, her power of vision had considerably 
augmented since the previous examination, ao that she eould read 
print No. 3, with precision when well illuminated, even with the worse 
eye. Not the least accident had occurred throughout that time. 

EisumS. — Acute glaucoma, after a year's premonitory stage. 
Operation on the fifth day. Some days after.i glaucomatous 
choroiditis in the other eye. Operation in the latter eye two days 
after the attack. Cure on both sides (six months' duration) ; vision, 
however, more acute in the eye which was operated on lust,' 

Case 5. — General von Feldeu, resident in Berlin, ait, 70 yi 
arthritic, with very rigid arteries, otherwise robust, was attacked 
in February, 1857, by a very painful inflammation of the right ey 
I was consulted five days after the affection had commenced. By 

' From lliis, as well 03 from some other observations of mine, it night aeem 
OS if the operation limteued t)ie outbreulc m the seconii e;e ; tliis ia possil ~ 
It seems to me, however, eitremely doubtful, wlien I compare mj slalistics ol 
cases operated on with those not operated on. In [he acute inflammatory 
forms the diseue ver; often suecessi?ely attacked the ejes. (See, for eiample. 
Case 5.) 

* I believe, indeed, that tlie earlier performance of the operation in this case 
is eiisenl lull; concerned in tbe difference of vision on the two sides; but I lie 
difference in time being bo little, a safe conclusion can be the less drawn from 
this single observation, because I eiciaed 00 the left side a Inrger piece of 
which, according lo mj later experience, is advantap^eous. Besides, cieu in 
acutest cases, I have operated a few times during the second week, and : 
restoration of a verj satisfactory acuteneas of vision. 
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examination we found : injection of the anterior ciliary vessels, the 
corneal sensibility normal, sliffht dilTiise turbidity of the aqueous 
humour ; the pupil vertically oval, at the upper part mnch dilated, 
otherwise but moderiitely so ; at the same time some photophobia, 
and very violent ciliary neurosis, especially at uight; vision so far 
good that the patient conld recognise medium print; he also asserted 
thiit he had never swn so well with this eye as with the left one. 
Owing to the visual field being also normal, there seemed no dangtv 
in delay, and I recommended local bloodletting, TJng, Hydr. c. Bellad., 
and an opiate at night. He was decidedly better on the followiiig 
day, so that the surgeou-iu-ordinary carried out the treatment for 
some time. A week later I was again consulted; notwithstanding 
the bloodletting, &c., there had occurred during the last few days 
violent frontal paiiis on the right aide, and finally an extremely 
violent inflammation of the left eye, with torturing ciliary neurosis. 
On seeing the patient, I at once fonnd an essential change in the 
right eye ; although the injection and the turbidity of the aqueous 
humour were trifling, the dilatation of the pupil at the upper part had 
decidedly increased, the sensibility of the cornea was diminished, and 
the vision was so much deteriorat«d that he could scarcely recognise 
large type. The general appearance was now distinctly tliat of acute 
or subacute glaucoma. On the left side I found great injection of 
the anterior ciliary vessels, the pupil fixed and uniformly dilated, the 
a(iueou3 liumour difl'uscly lurbid; fingers could be counted with lliis 
eye, though with difRculty, at the distance of some feet.. Iridectomy 
on both sides was agreed on for the foUowing day. On this day a 
violent exacerbation in the left eye had occurred ; great cheroosia, 
photophobia, anterior chamber much flattened, the patient could no 
longer count fingers; some chemotic swelling had now become 
developed on the right side, the patient could only with difliculty 
count fingers at the distance of a foot and a lialf. The operation 
was performed in both eyes at the same time, and a piece of equal 
size was excised in each. The torturing pains immediately ceased, 
the rest of the symptoms retrograded as in the cases already men- 
tioned ; the pupil maintained on both sides a trace of mobility ; on the 
left side there remained far-advanced changes of the iris, on the right 
side these were unimpoitaut; the accommodation on both sides was 
limited. At first it seemed to me that the result would be moat 
^vorable in the right eye ; with this he could iu eight days read 
print No. ii word by word, wliilst with the left one he Bottfcelyrecog- 
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nised Byllsbles of No. i6. Thisdifferencewasexplained, onophthahno- 
scopicesacunationiby tlierebeingon theleftsideeitensive ecchvmoses 
over the wliole extent of the retina, and even in the region of the 
macula lutea, and scarcely any on tlie right nidc. In connexion 
with one of these central ecchvmoses, he had still for a period of 
four weeka on the left side a misty spot in the centre of the \-isual 
field, through which objects looked smoky and somewhat distorted. 
When all this had disappeared, vision on the left side was somewhat 
more acute than on the right, which, however, probably dependetl in 
part on the difference which had formerly existed. When I saw him 
for the last time he could accurately read with the left eye print 
No, 3, with the right No. 5 ; the visual field and the appearance of 
the optic nerve on both sides were normal. Almost six montlis had 
passed away, the patient liad suffered much mentally through the 
death of his wife ; during the last few months he had even worked in 
tile evening in opposition to my desire; since then he had also, in 
many ways, suffered from liis arthritic affections, but his eyes had 
never presented the least symptoms of disease. 

H^iunU. — Successive outbreak of glaucomatous choroiditis in 
both eyes, first in the right eye, with moderate inflammation ; a week 
and a half later in the left one, with very acute infianmiation and rapid 
loss of vision. Contemporaneous iridectomy in both eyes ; the cure 
delayed in the left one by esteuaive retinal ecchymosesj but still 
perfect (duration of six months). 

Case 6. — MiunaDaukhof, of Berlin, set, 46 years, presented herself 
at my clinic on the i6th of October, 1856. She had sufl'ered from 
her 13th to her 20th year from menstnial disorders and spasms at her 
catamenial periods, from her 2otli year these irregularities had 
disappeared ; she was, however, troubled by violent ceptialalgia, which 
often lasted for weeks, compelling her to remain in bed, and which 
was altogether independent of the occurrence of the menses. The 
most violent attacks were accompanied also by racking pains in the 
anna and feet, which rendered any motion difficult. All this had 
continued up to the time when she presented herself, and had not 
been essentiidly modified either by seven labours or intercurrent dis- 
eases {tj'phus and intermittent fever). Every year she had boon 
many times bled for these affections. In her 34th year the cephalic 
affections were first accompanied by morbid sensations in the eyes, a 
feeling of heat in them, and pains about the eyebrows. To these was 
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soon added a morbid closure of the lids, so that she could not keep 
them open when exposed to the least light. On account of the lat- 
ter affections, she had already, nine years ago (1847), sought assist- 
ance in the ophthalmic clinic of the Charity of this place, and had 
found relief (through repeated bloodletting). From the year 1848 
she suffered periodically from iridescent vision and obscuratioiis of 
the left eye. These gradually occurred at shorter intervals, until in 
the year 1854 inflammations, with very acute ciliary neuroses, 
appeared, which, after repeatedly recurring, induced perfect blind- 
ness of this eye. Since the year 1850 there had been also in the 
right eye iridescent vision and ciliary neuroses, since 1853 obscura- 
tions at intervals of many months. These premonitory symptoms 
very much increased in intensity during the summer months of 1856. 
On admission of the patient^ there was found on the left side a 
glaucoma, which had run its course ; the pupil was much dilated, the 
iris discoloured, the cornea insensible and slightly infiltrated, the 
globe tense, a cataracta glaucomatosa formed, no trace of sensibility 
to light ; in addition, internal inflammation yet continuing, effusions 
of blood into the anterior chamber, frontal pains, and subconjunc- 
tival injection. The right eye was hyperpresbyopic, and seemed to 
be passing from the premonitory stage into subacute glaucoma. 
During the intervals, the acuteness of vision was still so good that, 
with -r 6, she could recognise words of No. 2. But the obscura- 
tions were repeated very rapidly, and after fourteen days' observation 
it was found that now some sluggishness of the pupil, slight diffuse 
cloudiness of the aqueous humour, and disturbance of the visual 
acuteness continued, even during the intervals. Since it appeared, 
as if the deteriorations of the right eye were connected with the 
violent attacks of inflammation in the left eye, iridectomy was first 
performed on the left side, on the 7th of November, 1856, of course 
entirely with the view of removing the inflammation, and without 
any hope of vision. In regard to the first point, the result was very 
favorable : the ciliary neuroses entirely ceased, congestions and effu- 
sions of blood did not again occur, and the globe lost its tenseness ; on 
the other hand, the cornea remained insensible, the cataract proceeded, 
and, as was expected, vision remained entirely abolished. Notwith- 
standing the disappearance of the inflammation on the left side, the 
symptoms on the right side rapidly became more threatening, the 

^ This occurred during my absence, and the journal was kept for the first 
three weeks by my assistant-surgeon. Dr. Alfred Graefe. 
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obscurations were accompanied by congestive phenomena; and even 
in the remissions the patient could only read print No. 14 word by 
word. No. 8 not at all. She suffered much from the violent ciliary 
neurosis on the right aide, which now ceased exactly in the middle 
line. On the i6thof November iridectomy was pertbrmed on the right 
side; the ciliary neurosis immediately ceased, and has not again 
returned, although tlie patient has since suffered, juat as before, from 
her other head -affections. Vision continued to improve, so that on 
the 29th of November she already read print No. 4 precisely, and 
on the 10th of December print No. 1. Obscurations have not 
again occurred; only twice during the winter montlia she has 
observed, on arisiug in the morning, a slight yellow appearance 
before the right eye, which, after a few minutes, has disappeared, 
and did not impede the perception of objects. Tlie retinal eccby- 
mosea were very inconsiderable in this case ; the optic nerve per- 
fectly normal, notwitlistauding the long premonitory stage; and 
the pupil also recovered its free action, which is unusual. I have 
seen her for eight montlia at regular intervals of fourteen days ; she 
has sewn by artificial light, and in general employed her eye rather 
carelessly, yet the vision Iiaa remained intact. Although the other 
afl'ections were, of course, not removed, the patient relates that since 
the relief of the ciliary neurosis her head has been infinitely hghter, 
and not only the forehead, but the whole cranium has been free 
from the gouty pains ; these now commence at the occiput. This 
year she has also had no occasion to be bled, which would otherwise 
have been indispensable.' 

Sesnm^. — Glaucomat«us blindness of the left eye, the inflamma- 
tion still continuing. The latter cured by iridectomy; negative 
effect on the vision, negative effect also on the disease in the right 
eye ; in this one a six years' premonitory stage, the attacks of which 
have for some weeks no longer entirely remitted, and through gra- 
dual augmentation have been developed into glaucomatons choroi- 



I I take tliis opportunity of pointing out the favorable tnftiience wliicli tlie 
onriug of ciliarj ueuroeis geaeralij cierls on ver; extensive lijpenestliL'siu. 
Tlie new nervous patliolog; lias certainly mnde a great advance in sbowing liow 
often local irritations of particular nervous filaments successively educe morbid 
appearances in conalantlj multiplying directions. Ciliary neurosis is an iii- 
ettuctive instance. I Imre not unfrcquentl; found tliat very ex ten si vr pains, 
■preudingovertlie wliolc extent of ibe cranium, of tbe occiput, aud even fiirllier, 
diminislicd or ceased entirely when the ciliary neurosis had been relieved. 
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ditis. Iridectomy on the right side. Restoration of vision. I>iu»- 
tion of the cure (eight months), notwithstanding the continuance of 
other affections, which were probably originally connected with the 
disease of the eye. 

Case 7. — Frau von Bottcher, from Curland, about 60 jean 
old, first presented herself at my clinic in the spring of 1856. On 
the right side there was blindness through chronic glanconuu I 
employed no treatment, because vision was entirely lost, and all 
symptoms of inflammation had disappeared. On the left aide there 
was cataracta provecta ; the vision in this eye perfectly corresponded 
with the degree of opacity of the lens, and the appearance of the 
eye gave no reason for suspecting an amblyopic complication. I 
recommended the patient to be operated on for cataract at some 
future time, for it was not yet sufficiently mature. When she again 
presented herself according to my direction, in the autumn of 1856, 
I found, on examination, the cortical substance, which was fonnerly 
transparent, perfectly turbid, the pupil acting well; the eye did not 
present any suspicious objective s}Tnptoms. She could perceive 
the motion of a hand in any direction. The time for the operation 
seemed to me to have arrived ; owing, however, to some accidental 
derangement of tlie health, it was postponed for a few weeks. 
During this period I was suddenly called to the patient, on account 
of very violent frontal pains on the left side. I was unable to see 
her till the following day, when I found, to my horror, the distinct 
signs of glaucomatous choroiditis in the cataractous eye. She had 
the most violent ciliary neurosis, so that she moaned incessantly; 
the eyelids were sensitive to the touch ; there were lachrymation, 
photophobia, subconjunctival injection, commencing chemosis ; the 
pupil was dilated; the iris somewhat discoloured. I prescribed 
leeches in front of and behind the left ear, Ung. Hydr. c. Bell., 
mixed >iith opium, to be applied to the forehead, and a full opiate 
in the evening. The next day the patient was rather worse; during 
the night she had passed only a few hours in a half-dozing condi- 
tion, without being at all refreshed ; there was less chemosis indeed, 
but the mydriasis was greater, the aqueous humour diffusely 
clouded, the anterior chamber flattened, and the perception of light 
loss, so that she could no longer perceive the motions of a hand, 
even when W(4l illuminated ; she could, however, distinguish the 
light and shadow of a low-burning lamp. I ordered leeches in 
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froTit of the ear, a blislrr to the neck, tlie ointment to be continued, 
and in the evening acetate of morphia. On the fourth day of the 
disease she was somewhat more free from pain ; the objective symp- 
toms were much the same. Prescription as before. SooDj how- 
ever, the sjinptoma again became more severe. Cliemosis returned, 
the flatteniug of the anterior chamber and the discoloration of the 
iris increased. PinaHy, on the eighth day of the disease, the my- 
driasis having considerably augmented, and the perception of light 
being also so much dimiiiished that the patient could only recognise 
with uDCcrtainty the light and shadow of a lamp burning very low, 
I proposed iridectomy as an ultimate resource, and on the ninth 
day it was performed. The patient's nervous system was macli ex- 
hausted through the constant pain and loss of sleep ; the pejfiirm- 
ance of the operation also Wiis difficult, owing to the sensitiveness 
of the lids, the rather considerable chemosis, the grtat flattening 
of the anterior chamber, and the peripheral retraction of the iris ; 
besides, my intention waa to remove a large piece of the iris. The 
excised piece was extremely stiff (infiltrated), .\fter the operation, 
there was an immediate remission of the inflammatory sjTn]itoma, 
and the patient slept for the first time. So soon as two days after, 
an improvement could be perceived in the perception of light. The 
pupd contracted so as to be only moderately dilated, but remained 
fixed J tlie iris was very discoloured in spots. The retrograde pro- 
cess of the morbid symptoms then ensued, just as in the cases 
previously described ; the perception of light gradually increased, 
so thai four weeks after the operation she could, when her back waa 
turned to the window, again perceive the motions of a hand, at the 
distance of one to two fe*t. It appeared, however, if we may ju<lge 
from the relative clearness of the excentrical impressions, as if the. 
external half of the retina were a little less sensitive than the inner 
half J yet I shall venture no decide<l inference, forwlien there is 
only slight difference the cataract may so dissipate the light as easOy 
to induce error. At all events, the patient's acut«ness of central 
vision must now be considered as normal, for she 6xed well, and. 
could bear comparison with other cases of cataract. Three mouths 
after iridectomy I extracted the cataract by the superior ft^-ind- 
sion ; some corneal collapse took place during the escape of the 
aqueous hnnioiur. Altliongb the cnre was accompanied by prolapsus 
iridis, a very salisfnclory power of vision was obtained; she could 
not oidy distinguish all objects, but with + 3i could recognise 
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No. 8 precisely^ and most words of Nos. 4 and 3. The visual 
field was of normal extent, the excentric impressions relatively 
indistinct towards the periphery of the inner half of the visual field; 
excentrical vision, however, witliin an angle of forty-five degrees, 
even at the inner part, of relatively normal acuteness. The optic 
nerve showed no trace of excavation. I have watched this case for 
nearly three months since the extraction, during which time vision 
has constantly improved. 

Be^ume. — Acute glaucoma in an eye previously affected with 
cataract. Iridectomy on the ninth day. The improvement could be 
shown by the gradual increase in the power of perceiving Ught, 
the objective symptoms being disregarded ; restoration of vision by 
extraction of the cataract three months after iridectomy. 

Additional remark. — It must not be supposed from this case that 
when cataracta glaucomatosa has already occurred, a cure could be 
obtained by the operation. The time, when the formation of se- 
condary cataract takes place in the glaucomatous process, always 
lies beyond the limits, within which iridectomy affords reUef ; the 
cataract was here pre-existing, thus no cataracta glaucomatosa;, and 
the case only shows that we may successfully extract a pre-existing 
cataract in an eye which has been glaucomatous and treated by iri- 
dectomy. 



3. Iridectomy in the later period of Acute Glaucoma, 

If the curative action of iridectomy is most decisive in fresh cases, 
still it in no way loses it« importance when the disease has existed 
for a long period. Although my observations are more numerous 
for this group than for the preceding, still, owing to the heteroge- 
jieousness of the results, the question has been less nearly brought 
to a solution, and a far greater extension of study is required in the 
future. I may temporarily set Aowa the following remarks as the 
result of my experience. 

A. A duration for many weeks, even for many montlis, reckoned 
from the commencement of the first glaucomatous inflammation, 
does not absolutely exclude complete restoration; this, however, 
depends on the circumstances of individual cases. Sometimes the first 
inflammations are indeed intensely acute, but yet so far of a benignant 
nature, that in the remissions which afterwards occur, there are left 



IN ACUTE GLAUCOMA. 337 

for a long time an almost normal power and field of vision, and an 
unaltered papilla nervi optici, notwithstanding a little iridoplegia 
and discoloration of the iris. These are the cases in which the 
exact commencemeut of the disease cannot be clearly distinguished 
from the premonitory stage, because the first inflammatory attacks 
are developed by gradual augmentation of the premonitory attacks 
of obscuration. In these cases iridectomy can produce perfect resto- 
ration, eveu many months after the outbreak ; and this result we may 
confidently expect when the field of vision and the papilla optici have 
been normal in the remission preceding the last attack. The acute- 
ness of central vision may at the same time be already considerably 
diminished {see e.g. Case 8). The cures also seem to be perma- 
nent, as in the first period. Li per-acute cases the conditions may 
be very much less favorable, even within a few weeks after the first 
attack ; and certain terribly acute cases do sometimes occur, in which 
the faculty of distinguishing is immediately and for ever annihilated, 
and in which treatment, even within a few weeks, is already too late, 
B. The prognosis is completely changed as soon as the field of vUion 
it contracted. Yet a moderate concentric contraction is relatively 
the most favorable ; this, however, occurs far more rarely than one 
proceeding principally from one side. The prognosis is rendered the 
more unfavorable by the latter, in proportion as it approaches the 
middle line. The condition of the papilla is of equal importance. 
In the cases where the field of vision was extremely contracted, and 
yet the papilla was very little excavated, it is true that no perfect 
restoration took place, but there was always considerable improve- 
ment, especially in the acuteness of vision, generally also in the 
visual field, which occasionally (see Case 9) attained a fourfold ex- 
tension. Such improvements were usually permanent. If, on the 
other hand, there is well-marked excavation of the optic nerve, with 
great contraction of the field of vision — and this is unfortunately 
the most common case — I cannot sufScienlly warn my readers from 
too sanguine expectations. Wliether the lesion of the optic nerve, 
when once induced, becomes substantially further developed or not, 
after the cause has been removed, seems to depend on accidental cir- 
cumstances, which caimot be calculated. The immediate effect of 
the operation seemed in most cases favorable ; in a great number there 
was not only improvement in the acuteness of central vision, but also 
widening of the visual field ; but only in some cases did this improve- 
ment continue, in others the power of vision again diminished. 

22 
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It requires loug-coiitinued observation to <lecide as to tlie final 
result in such cases, but this much may now be said, that the results, 
when excavation of tlie optic Dorve has oate been induced, are 
extremelv various and temponu-y. Successes often entirely vanish 
again. Still some eases remain of a very satisfactory nature, and it 
must be allowed that iridectomy, even under such circumstances, is 
more beneficial than any other means, though often also it msjr 
only succeed in delaying the blindness. If the field of vision is 
already verj- excentric, we should no longer count on any con- 
siderable improvement, a decision which is more true in regard tfl 
the lat^r stage of acute glaucoma than with reference to the chronic 
form (see Case 13). Rapidly progressive forms were even yet occa- 
Eionally arrested, so as to induce a stationary condition. I suspect, 
however, that it is never more than temporary. In no case wher« 
the quantitative perception of light was abolished, did any trace of 
a power of distinguishing reappear. 

c. Tenseness of the globe, iridoplegia, aniesthesia of the comes, 
and flattening of the anterior chamber, are, caierU pariim, favora- 
ble, because they prove that the diminished power of vision is yet to 
some extent to be referred to increased pressure, on which iridec- 
tomy has always a favorable action. The same thing is almost true 
of the haziness of the aqueous humour and vitreous body. Even 
if it is to be considered as a subordinate factor in regard to the 
blindness, still it is a proof that the process of secretion is yet 
active, and as such it is a favorable sign. 

D. If, when the lesion is of old date, the improvement obtained 
by iridectomy is not permanent, still the diminution of vision at a 
later period is not accompanied by the symptoms of a fresh glauco- 
matous choroiditis, and hence we ought not to speak of it as 
ft relapse of the original lesion. We have rather, then, the 
general appearance of a progressive amaurosis, with contraction of 
the visual field. The substance of the optic nerve becomes whiter 
and less transparent, the arteriii centralis smaller, even the excava- 
tion of the optic nerve seems ia some cases to increase,' Since 

' Of an actual increase in tie eicavation aTtsr the performnnce of irideo 
tomj, I only possess two ei amp lea. Perhaps this result maj be thought an 
objectioD to the theory, which 1ms been formed as to tiie origin of the eicava- 
tion of Ihp optic nerve; it may be said, that if the cicavntion of the optic 
nerre ia actually produced by the intra-ocular pressure, normalising of the latter 
must also occasionally produce a restoration of the form of the aerve, and at 
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changes in the interaal membranes aud opacities of the refractive 
media, and such symptoms as attest increased pressure, are not 
superadded, the continued development of the Ipsion of the optic 
nerve must be considered as the cause of the blindness. I have 
met with but one instance in which the ulterior deterioration 
again took place under symptoms of increased internal pressure. 
This was in the case of Madame Sack, from Vienna, a lady of about 
forty years of age, whose eyes had been attacked by glaucoma some 
months previously. On both sides the optic nen'e appeared much 
excavated ; ou the left aide only, there existed an excentric field of 
vision ; on the right side the field of vision was a httle contracted, 
yet there still was central fixation and moderate power of vision. 
The symptoms of increased pressure were well marked, and proved 
very obstinate, for on the left side a coloboma, formed by iridec- 
tomy, was obliged to be enlarged still further by a second operatiou, 
on account of the imperfect immediate result. At first the same 
effect as in the other cases appeared to be induced, but after six 
weeks the anb conjunctival veins appeared more prominent, the globe 
became more tense, the cornea less sensitive, the pupil larger, the 
retinal veins broader and serpentine, the excavation more marked, 
the power of vision weaker, the field of vision narrower, and thus 
again the case presented the symptoms of chronic glaucoma. This 
is the only case I have met with where subsequent deterioration 
depended on an actual recrudescence of the glaucomatous process, 
and have reason to believe that a still more extensive excision of 
the iris might have had better success. 

E. In all cases of glaucomatous blindness, even where this disease 

all event* must prevent an increue of the excavation. Of course it would be 
EtiU more decisive as to the correctness of mj views, if after iridectomy even 
llie eicavatioa of llie optic nerrc disappeared together with the other sjmp- 
toms of pressure. Unfortuoatelj, 1 have hitherto beeu unuhle to convioce 
myself of this iu any case ; on the otiier hand, that tlie optic papilla ought to 
recover from t!ie Tomi which it has once obtained cannot he necessarily deduced, 
sither from physical or from anatotnicaJ considerations. Neither can the 
increased eicavatioa of the ojitio nerve, which Eometimes occurs after dimiuu. 
tioii of the pressure, any more deaiaiistrBte the fuhiity of the tlieory timn a caae 
of partial stapbyloma, which becomes worse in spite of iridectomy, can dis- 
prove the participation of intra-ocular pressure in the pathogenesis of this 
disease. It may very well be iniagined, that when the substance and resistance 
of the optic nerve are once changed in a certain manner, pressure of the ocular 
flaids, even to a normal aniouut, is relatively too great. 
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has ran its course^ iridectomy has still the advantage of relieving 
any existing inflammatory symptoms and ciliary neuroses. He who 
knows the agony which the patients sometimes suffer for a long 
period of years through these blind eyes, will greet even this action 
of iridectomy with a hearty welcome ; it renders it superfluous to 
treat such patients by frequent bloodletting and narcotics, which 
formerly were often unavoidable, even when they were contra-indi- 
cated by the general condition, by the age, &c. Finally, it is known 
that during the ulterior course of the glaucomatous process, pecu- 
liar softenings and ulcerations of the cornea are occasionally caused 
through its ansesthesia. Iridectomy may also act favorably in this 
respect, partly owing to the restored conduction of the corneal 
nerves, and partly because the diminution of intra-ocular pressure 
seems generally advantageous in corneal infiltrations. 

Case 8. — A workman, named Kurz, of Berlin, set. 6i, presented 
himself, in the middle of September, 1856, for the first time, at my 
dinic.^ Since the winter months of 1855-6 he had had, from time 
to time, blue spectra before his eyes, he had seen rainbows around 
the candle, and when he fixed an object whilst in this state, or 
exposed the eye to the light, the coloured spectra revolved, like a 
wheel, in the field of vision, and the sight became so dim that he 
could no longer recognise even large print. After a night of good 
sleep vision was always perfectly acute again. These attacks were 
gradually repeated at shorter intervals, and were of constant occur- 
rence when the eye was exposed to any exertion, or a night was 
passed without sleep. In August, 1856, inflammation first occurred 
in the left eye, as a consequence of which vision diminished with 
considerable rapidity. On the right side, according to the account 
of the patient, the acuteness of vision had also diminished during the 
intervals between the obscurations ; still an examination showed that 
this statement had altogether reference to an increase in the pres- 
byopia. On admission, there was found on the left side an already 
well-marked, acute glaucoma, and tolerably decided symptoms of 
pressure ; on the other hand, at that time, only slight turbidity of 
the refractive media, the papilla not yet excavated, the power of 
vision much diminished and a little varying, because the exacerba- 
tions and remissions were still well marked. On an average, the 

* As this occarred daring my absence, the jonmal was kept for the first six 
weeks by my assistant, Dr. Alfred Graefe. 
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patient could count fingers at the distance of eight feet, and with 
+ 6 recognise worda of No, 16. Vision distinctly diminished 
during the derivative treatment, which was employed for the next 
two months ; the obscurations on the right side became also more 
intense, and each time induced some dilatation of the pupil and 
cloudiness of the aqueous hnmour. When I saw the patient, in 
the beginning of November, there were on the left side great mydri- 
asis, discoloration of the iris, and considerable diffuse cloudiness of 
the refractive media, so tliat it was with some difficulty that I satis- 
fied myself of the normal form of the optic papilla. The patient 
counted fingers at the distance of six feet, and, provided with -f 6, 
recognised with difficulty words of print No. 20. The field of vision 
was perfectly normal. After the performance of iridectomy, on the 6tb 
of November, the pupil on the left aide contracted to a medium size ; 
remained, however, perfectly fixed j the iris was very much altered, 
the refractive media cleared in the usual manner, and the vision con- 
tinually improved, so that the patient could already count fingers at 
the distance of fifteen feet, on the I2th of November, and recognise 
with -I- 6 words of No. 13, and large letters of No. 10. Tlie further 
recovery was much delayed by an attack of granular conjunctivitis, 
which was prevalent at that time in Berlin. In February, 1857, 
the patient, provided with -f 6, could read No, 8 precisely, and 
No. 5 with errors; in March, No. 6 precisely, and words of No. 3. 
I may remark, that soon after the operation on the left eye 
acute glaucoma broke out in the threatened right eye, and that in 
consequence iridectomy was performed within a few days. The cure 
of this eye ensued, so far as a normal acuteneas of vision, just as in 
the cases previously related (See Part II). 

The comparison of the two eyes proved decisively in favour 
of the right one, for it regained greater acuteness of vision, some 
action of the pupil, and a tolerably extensive accommodation. In 
the eight months following the operation, during which I examined 
the patient at regular intervals, there occurred neither premonitory 
nor any other morbid symptoms, although the patient exposed him- 
eelf to various noxious influences (especially night- watching). 

Rhnmi. — Acute glaucoma, which had broken out after a pre- 
monitory stage of half a year, and existed for two months and a 
half; the optic nerve and field of vision normal ; tlie power of dis- 
tinguishing, for two months already, very much diminished ; resto- 
ration by iridectomy of a satis&ctory, although not perfectly normal 
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scaLeness of vision [duration, eight moatbs). Outbreak of Bcut« 
glaucoma in the second eje a few weeks after the operation on the 
first one; perfect cure by iridectomy, performed shortly after the 
outbreak (eight months' duration). 

Case 9. — Wilhelm HoefHer, of Berlin, let. 71, whose right eye 
has been abeady mentioned (*ai I, Case i}, came to mj clinic on 
the 15th of February, 1857, For a year and a h^ he had re- 
marked coloured rings about the flame of a light, and since Decem- 
ber, 1856, weak vision of the right eye; it is possible that this 
existed at an earlier period, for it was by violent pains in the right 
side of tlie forehead and temple that he was first compelled to test 
this eye. With the pains, which never passed beyond the middle 
line, there occurred at the same time photophobia and lachryma- 
tion ; at first there was some improvement during the remissions, 
which at that time occurred periodically, but never perfect restora- 
tion of vision ; iu short, it had been continually diminishing during 
the months of January and I'ebruary, The examination showed 
the general appearances of an acute glaucoma in its later stage — 
tolerable dilatation of the subconjunctival ^'essels, corneal sensi- 
bility here and there almost lost, aqueous humour diffusely tuibjd, 
iris discoloured, pupil dilated, anterior ehamber flatteued, bulb 
tense — owing to the haziness of the refractive media, the backgroimd 
of the eye could not be examined— -violent cihary neuroses, vision 
almost extinguished, central fixation abolished ; the patient fixed a 
hand with uncertainty, the visual axis passing to the inner side, so 
that he could still count fingers with the inner half of the retina, 
with good illumination, at the distance of one foot, although occa- 
sionally he was wrong. An accurate functional examination, which 
was very troublesome, owing to the slight power of distinction, 
showed that the inner half of the visual field was altogether defi- 
cient ; that tlie (central) point of fixation lay just on the edge of the 
portion which still possessed the power of vision, but tliat it only cor- 
responded to a very dull quantitative perception ; that the region of 
vision, stretching from here outwartls had, measured at the dis- 
tance of one foot, a breadth of thirteen inches, and a height which, 
reckorted from within to without, increased from two and a half 
inches to eighteen. But within this field of vision there was only a 
little space which yet allowed a tolerable qualitative perception of 
light, and this space corresponded, as may be deduced from the 
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flrst-meiitioDed trials of vision, to an exceiitric portion of the 
ntiDa, which was situated pretty mucli on the inner side. Iridec- 
tomy was performed on the 17th of February ; the ciliary neuroses 
were immediately relieved, so that the putient slept well, a result 
which could not be obtained by opiates during the previous days. 
The habitus of the eye gradually experienced a favorable change, the 
symptoms of irritation entirely ceased, the come recovered its normal 
sengibility, the pupil became somewhat smaller, yet without action, 
the iris remained moderately discoloured, the refractive media cleared 
so rapidly that even six days after the operation the background of 
the eye could be examined. This showed very abundant retinal 
ecchymoses, and the optic nerve slightly excavated. On the a^th of 
February tlie state of vision was aecurat*^ly examined ; the patient 
already counted with certainty lingers at the distance of six feet, 
and indeed he sometimes employed central and sometimes exceutral 
fixation, testing to some extent the advantages of the two. Hence 
it appeared that a striking change liad already occurred in the 
visual field, I found by mensuration that the point of fixation, cor- 
responding to the centre of the retina, lay already witliin the field 
of vision, and indeed about an inch more externally than the margin ; 
the breadth was (always measured at the distance of a. foot) eighteen 
inches ; the height, in a vertical line, passing tlirough the point of 
fixation, twelve inches, at the most external limit twenty inches. 
Fourteen days later the patient counted fingers at the distance of 
eighteen feet, and always fixed with the normal line of vision; the 
field of vision passed inwards beyond the point of fixation about an 
inch and a half, and the form, wliich was now again copied, had 
essentially changed since the previous examination; in place of its 
former similarity to a trapezium running externally in a divergent 
direction, it had now almost the form of a square. The breadth 
amounted to twenty-six inches (previously thirteen inches) ; the 
height, along a vertical line drawn through the point of fixation, 
twenty-four inches (previously two and a half), which increase re- 
mained nearly unchanged as far as the external limit (previously 
eighteen inches) ; in short, the field of vision was I'oui times as large 
as originally. In tlie beginning of April the retinal ecchymoses 
had disappejired ; the patient counted tingers at the distance of 
twenty -five feet or more; read with -|- 6 Ko. II precisely, some 
words of No, 7, and even of Xo. 5 ; the field of vision was as in 
the last examination, except that it was again somewhat broader. 
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During the months immediatply following, everything remained 
much in the same condition, and not the least symptom of glaucoma 
recurred. On an examination made in July, I found the range for 
large objects pretty much as in April, but the recognition of print 
more difficult ; provided with + 6, he could no longer recogmse 
words of No. 5 (without distinct change of accommodation), and even 
very few words of No. 8. The excavation of the optic nerve had 
not in the least increased. In the month of August no further de- 
terioration had occurred in the acuteness of vision ; the visual field 
had remained at exactly the same degree of improvement, yet it is un- 
certain whether a further diminution of vision will not ultimately 
occur. In the mean time the left eye was operated on before the 
premonitory stage had concluded, and witli perfectly satisfactory 
and permanent success. (See Case 1.) 

lieaume. — Acute glaucoma, which had existed at least two 
months, a premonitory stage of a year and a half having preceded 
it. Shght excavation of the optic nervcj very great contraction of 
the visual field ; the point of fixation was, in fact, on the margin of 
the field of vision ; there was, however, excentrical fixation ; there 
only yet remained a slight power of distinguishing. After iridec- 
tomy, clearing of the refractive media, retrogression of the symp- 
toms of pressure, more than fourfold extension of the field of vision, 
and restoration of central fixation. Four months later slight dimi- 
nution of the acuteness of central vision, without deterioration in 
respect to the visual field; hence the final result cannot yet be 
definitely stated. 



4. Iridectomy in Chronic Glaucoma. 

Although it was to cases of this group that I first applied iridec- 
tomy, I am still unable to make any decided statement as to the 
manner in which they ultimately end. Finding among my observa- 
tions some instances where considerable improvement foUowed the 
operation, which remained at the same degree for a period of three 
months, and then again deteriorated (see Case 10), it is obvious 
that the utmost precaution is required in admitting a permanently 
curative efl'ect. I can only state this much, as the residt of the 
trials hitherto made — that iridectomy exerts a temporarily favor- 
able inflnence, even in chronic glaucoma, and that its degree and 
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durtition depend on individual circumstances. Since this therapeutic 
action of the operation is at all events superior to the curative effect 
of any other method of treatment, it is our duty to continue and 
vary our observations, and we hope to be assisted in the attempt 
by many of our colleagues. 

In general, the prognosis seems to depend on the same factors in 
the present case as in the later stages of acute glaucoma. Contrac- 
tion of tlie visual field and excavation of the optic nen-e render the 
prognosis worse, but do not unconditionally destroy the hope of a 
favorable influence, or of the arrest of the affection, which had till 
then progressed ; it even appears, from my cases, that great con- 
traction of the visual field is of less importance in chronic than in 
acute glaucoma, so that considerable improvement is sometimes 
found, even when the field of vision is very excentrical and slit- 
shaped (see e.g. Case 13}. There is generally less liope of a com- 
plete cure from the circumstance that escavalion of the optic nerve 
is developed in chronic glaucoma at a relatively early period. Hence 
a very early diagnosis of the affection is of essential importance. 
This is not so easy as in acute glaucoma, where it is announced by 
the first inflanunatory attack with iridoplegia, whilst in the present 
case the external symptoms are often limited for a long time to a 
very slight turbidity of the aqueous humour, inactivity of the pupil, 
and a little flattening of the anterior chamber; and yet. even in this 
period the lesion of the optic nerve occurs. The more the symptoms 
of increased pressure are distinct at the time of the operation, the 
more may, e<tlerh parilnii, be expected from iridectomy. We need 
not be alarmed at the duration of the affection, for I have occasion- 
ally seen considerable improvement after a lapse of many years, 
improvement which haa laste<l to the present moment. The aspect 
of the eye also lost its glaucomatous appearance, the refractive media 
always became again transparent, the globe returned to its normal 
hardness, any existing ciliary neurosis ceased, retinal eochymoses 
were generally presented, although to a less extent than in 
acute glaucoma; the structural changes of the iris were, on the 
average, less than in the acute form; the pupO became more con- 
tracted, and often recovered moderate mobility, effects which prin- 
cipally depended on the minor participation of the iris. Excavation 
of the optic nerve, when once well marked, did not again disappear. 

Case 10, — Frau Ho&iaaD, of Berlin, wt, 57 years, presented 
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herself at my clinic on the 4th of November, 1856. For & long 
series of years she had suffered from pains in the head, especially in 
the forehead, from " rheumatic twitchings in the limbs," and want of 
sleep. Tor six years she had remarked coloured vision and periodi- 
ca! obscurations of the left eye ; for four years the nstou of this eye 
had gradually diminished, without any inflammatory symptoms 
having ever occurred. Fear for the right eye, which now also 
suffered from periodical obiicuratious, had brought her to me- At 
the time of her first visit, there were on the left side all the symp- 
toms of chronic glaucoma ; the subconjunctival veins were dilated, 
the cornea rather insensible, the anterior chamber flattened, 
the aqueous hmnour slightly turbid, the pupil dilated and fixed,. 
the iris a little discoloured, the optic nerve much excavated. She 
counted fingers at the distance of two feet in a seeking mamier, but 
soon became tired; with convex glasses she recognised nothing of 
priut No. 20 of Jager's specimens ; the visual tield was much con- 
tracted, and on every side ; externally the opening was only about 10", 
in other directions decidedly more, yet an accurate hmitation was 
very difficult, owing to her accounts varj-ing. This visual power, 
observed for six days, proved perfectly constant. Iridectomy on the 
joth of November. On the 15th of the same montli she counted 
fingers four feet off with certainty and better fixation, she deciphered 
with + 6 words of No. 16, and even of No. 14, On the 34th of 
November she counted fingers at sixteen-feet distance, read No, 1 1 
word by word, and recognised a few letters of No. 4. The visual 
field had decidedly a little extended, the o])emng outwards was 
now about ao°, but it was atill very contracted, so that, measnred at 
the distance of a foot, the transverse diameter was fourteen inches, 
the vertical diameter but little morej the external morbid symptomB 
had perfectly retrograded, and the refractive media had cleared and 
allowed the recognition in detail of verj* far-advanced excavation of 
the optic nerve; the anterior chamber had become distinctly deeper; 
the pupil showed a trace of mobility; the sub conjunctival veins had 
perfectly retrograded; scattered retinal ecchymoses were already dis- 
appearing. The improvement of the visual power kept at the same 
degree for almost three montlis. Ou the 21st of February, 1857, a 
fresli diminution of the sight was first discovered; she could no 
longer recognise any of No. 4, and No. 1 1 only by syllables 
and with errors. The visual field also sliowed a distinct contraction, 
which proceeded principally along a diagonal, directed downwards 
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and inwards &om above nnd without. Vision diminished till the 
end of April ; on the 26th April she could recognise fingers at eight- 
feet distance only, read No, 16 precisely, most words of No. 14, 
scattered syllables of No. 11, and nothing of No. 8. The external 
appearance of the eye had remained the same ; even in the excava- 
tion of the optic nerve I could find no difference, except that the 
substance of the nerve seemed to me to have become a little whiter 
and less tmiisparent, and the trunks of the retinal arteries a little 
smaller, 1 now thought that it would advance progressively to 
blindness ; from that time, however, till August, 1 857, the condition 
has remained exactly the same, so that the patient continues to 
possess, nine months after the operation, considerably better sight, 
and a somewhat larger field of vision, than before it was performed. 
In the mean time, the glaucoma which was already threatening in 
the right eye broke out in the acute form. Iridectomy was imme- 
diately performed with the best result, which has lasted so far (seven 
months). 

'R^nrnt. — Chronic glaucoma, of many years' standing, with ad- 
vanced excavation of the optic nerve, contraction of the visual field, 
uncertain fixation, and extremely reduced power of vision. Soon 
after iridectomy, considerable improvement of vision and distinct 
ext«nsion of the visual field. After the improvement had lasted for 
three months, fresh deterioration, without glaucomatous symptoms ; 
which, after progressing for four weeks, attained its present degree, 
and left, nine months after the operation, considerably improved 
sight in comparison with the origiual condition. 

Case ii, — Frau Lichtenstadt, from Breslau, tet. about 50 years, 
first consulted me in the summer of 1 855. The left eye had become 
perfectly bhnd from acut« glaucoma many years ago; there had 
occurred ako on the right side, for a long time, periodical obscu- 
rations, frontal pains and chromopsise, and for abont a year the 
vision had gradually diminished, without inflammatory symptoms. 
Examination showed chronic glaucoma, with moderate contraction 
of the visual field and some diminution of the acuteness of central 
vision. Since I was not at that time aware of the curative action 
of iridectomy, other methods of treatment were followed, and the 
prognosis given to her relations was that the case was almost hope- 
less. In August, i856, tlie patient came again. In the meantime 
the disease had considerably advanced, at the same time presening 
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its former {not inflammatory) cliaracler; llie pupil was very mucli 
dilated, the iris being at the same time relatively but little changed 
in structure ; the anterior clinmher was flattened, the aqueous humour 
turbid, the cornea almost insensible, the bulb tense; there were periodi- 
cal ciliary neuroses ; the papilla optici was considerably escavated. 
Vision was now almost extinguished; it was with difficulty she could 
count fingers, and with +12 decipher a few words of No. 16 of 
Jager'a specimeus in a seeking manner. The field of vision was 
only a narrow slit, and, owing to the unstable fixation, could not be 
exactly limited. Iridectomy having been performed, there at one*? 
occurred the favorable change in the eslcrnal habitus of the eye 
which has been so many times described ; notwithstanding the long 
duration of the disease, the cornea recovered its sensibility, and the 
pupil to some extent its action. The latter also became considerably 
smaller than it had formerly been, the ciliary neuroses ceased, the 
refractive media cleared, &c. Vision much improved, so that she 
could count fingers with certainty at four- to six-feet distance, with 
+ 12 read some lines of No. 14 precisely; finding objects was of 
course difficult, owing to the narrow visual field ; but when once 
within the range of sight, they were now fixed more firmly than 
formerly. Owing to tliis fortunate change an accurate determina- 
tion of the visual field became possible. Tliat this had extended, 
was evident from her being able to find her way about, though yet 
only with difficulty. The field of vision for quabtative per- 
ception described an elliptical figure, the major axis (measured at 
the distance of a foot) being seven inches, the minor three inches ; 
around this space there existed in a tolerably broad zoue quantitative 
perception of light. The patient left Berlin a few weeks after the opera- 
tion, and I received furtjier information through the kindness of 
Foerster in Breslau. In December, 1856, the improvement in the 
objective symptoms had perfectly continued. With + 1 6 she could 
recognise correctly some lines of No. 13; the visual field had not be- 
come smaller, but had approximated more to a round form, the major 
diameter having diminished from seven to six inche,t, the minor, on 
the other hand, having increased from three to five inches. Cor- 
respondingly, she continued to have so great difficulty in find- 
ing her way, that she was still obliged to be led in the streets. 
She sufi'ered during the winter months much mental affliction, and 
repeatedly watched at night by the bed-side of a sick daughter, un- 
favorable circumstances which had formerly caused immediate 
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deterioration. Ciliary neuroses did not again occur, and even the 
occasional pains in the head were usually restricted to the side which 
had not been operated on.' In the spring of 1857 1 again heard of 
her, much to the same effect. 

Jietum/. — Chronic glaucoma for many years in one eye, after 
glaucomatous blindness of the other eye had already ensued. Iri- 
dectomy shoiily before abolition of vision (to be supposed according 
to the previous development), the visual field being contracted in 
the form of a slit, and the excavation of the optic nerve being of 
moderate degree. Retrograde process of the glaucomatous symptoms ; 
alight (and immeasurable, owing to the uncertainty of tixalion before 
iridectomy) enlargement of the visual field, moderate increase of the 
visual acuteuess and continuance of thi'i improvement for nine 
mouths. 



Case 13. — Carl Wagner, of Berlin, tet. 58 years, presented him- 
self on the 20th of AprO, 1857, at my clinic. The right eye had 
been perfectly blind for a year iu consequence of a chronic glaucoma, 
which had broken out seven years ago, and which still continued 
to induce very troublesome ciliary neuroses. On the left side there 
occurred, four years ago, periodical ciliary neuroses, chromopsite, 
obscurations, and then, even in the inten'als, weak vision. Especi- 
ally during the la.st six months had the power of vision distinctly 
diminished, and even the patient had remarked the contraction of 
the visual field, passing from the inner side and rapidly progressing. 
There had been no inflammatory symptoms. On examination, we 
found on the left side the complete type of chronic glaucoma : the 
aqueous humour diffusely turbid, the pupil dilated and almost 
motionless, the iris but little discoloured, the optic nerve much 
excavated, art«ria] pulsation, however, only occurring when the finger 
was gently applied, the central vessels more than usually displaced, 
and the retinal veins very large. With -|- 6 the patient could 
recognise No. 8 tolerably well, words of No, 4, nothing wlmtever of 
No. 3 ; the visual field was contracted from above and outwards 

' Dr. Foerster related, that objects in tliB street still constantly appeared to 
tlie patient as lliougli thejr were covered witli snow. I have often received a 
similar statement in eicivation of the optic nerre, and tlie symptom, in mj 
opiJiion, is directly lo be referred to tlie ciisl.ing IcsJOQ of llie optic nerve, and 
to be carefully distiuguislied from the glaucomatous cliromopsite, uliich favour 
the view of increased preunre. 
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almost a fourth. It was accurateW copied ia my jouroal. On the 
27tli April I performed iridectomy in both eyes, only for the ciliary 
neuroses, of course. On the left side the estemal symptom* 
of disease retrograded as in other cases. Since that time there 
have not occurred either ciliary neuroses or chromopsiw and 
increased obscurations. Fourteen days after the operation the 
acutenesB of vision was still a little less than previously, which wu 
explained by a few retinal eccliymoscs. On the 27th May the 
patient read with + 6 No. 8 with difficulty, yet precisely, and 
recognised most words of 4 and 3. Hence the visual acutenesa had 
at least recovered ita former degree, and the drawing of the visual 
field agreed exactly with that taiteu before the operatiou. Things 
continued the same till the i8th of August, when the last examination 
took place. On the right side there was of course no influence oa 
vision ; the ciliary neuroses were cured. 

Si*MnU. — Chronic glaucoma, inclusive of the premonitory stage, 
which cannot be limited by the history, existing for four years, vrith 
some diminution of the visual acuteness, and considerable contrac- 
tion of the visual fleld ; the disease rapidly progressive for the last 
few months. After iridectomy, cessation of the periodical deteriora- 
tions, and preservation of the existing vision (since four months). 

Case 13. — T^u Hauptmaun Beiidich, from Pless, in her fortieth 

year, consulted me in March, 1857. The left eye had many years 
before become very weak, and gradually blind, without symptoma of 
inflammation. On the right side tliere had occurred, also many yean 
ago, periodical obscurations and, for more tlian a year, increasing 
weakness of vision, so as now only to leave slight power of dis- 
tinguishing. On examination, I found on both sides the well-marked 
appearances of chronic glaucoma : the globes tense, the suhconjune- 
tival veins on the left side enlarged, the comciE on both sides very in- 
sensible, the atiueous humour slightly turbid, the pupils much dilated, 
on the left more than the right side, on both sides perfectly fixed, of 
a greenish appearance; the anterior chamber flattened, the iris in 
spots very discoloured and atrophied. Tlie ophthalmoscope showed 
on the left aide (atropliic) choroidal changes in the equatorial region ; 
the back -ground of tlie eye on both sides was indistinct ; on the left 
side even some floating opacities of the vitreous body could (against 
the rule) be distinguished; the optic nerve was on both sides very 
much excavated ; on the right side, after a longer observation, int€r- 
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current arterial pulaatiou could be perceived; on the left side tlie 
esamintttion of the vessels passing into the papilla was very difficult, 
owiug to the opacity of tlie vitreous body ; it even Beemed as though 
in the very fossa of the optic nerve there lay a peculiar dull sub- 
stance. Functioual examination showed on the left side only a trace of 
quantitative perception of light; on the right side fingers could yet be 
counted tta far off as tliree to four feet, and letters of No, so re- 
cognised. The field of vision was extremely contracted, and formed 
8 small slit; it was already very excentrical; measured at a foot, it 
began at two inches outwards from the point of fixation; the point 
of relatively most distinct vision was still more excentrical, so that 
the patient during the trials of vision directed the visual axis at a very 
distinct angle inwards. The horizontal extent of the visual field was 
(measured at a foot) about six inches ; the vertical, two and a-half to 
three inches. Iridectomy was immediately performed on the right side, 
and a slight improvement of vision took place immediately after the 
operation. The following day there was a slight effusion of blood 
into the anterior chamber. The compressing bandage was carefully 
continued till reabsorption. Eight days after the operation the 
following results were apparent: the globe less ten^e, the cornea, 
however, yet very insensible ; the aqueous humour clear, the anterior 
chamber less flat, the pupil leas dilated, of tolerably normal hue, 
fixed however; the periphery of the iris generally discoloured, the 
ocular background distinct, the excavation of the optic nerve as 
before, arterial pulsation extremely seldom and after definite exciting 
causes. Tlie vision had clearly improved, the patient could count 
fingers to the distance of ten feet, and recognise words of No. 16, 
and the comparative readiness with which she discovered objects 
made us suspect an extension of the visual field. Mensuration 
showed that the field of vision had not indeed extended towards the 
point aimed at (Visirpunkt), but tliat in the direction outwards it 
had nearly a double, and in a vertical direction almost a quadruple 
opening. Since the case seemed to me of dogmatic importance, the 
measures were taken before and after the operation (as a mutual check) 
at three different distances — one, four, and eight feet. At the distance 
of eight feet the patient could now survey more than the height of a 
man, whilst formerly she could scarcely include in her range the head 
and half the breast at the same time. Although more exact trials 
showed that in a great part of the visual field which iiad now been 
gained there was only an extremely dull perception, still she could find 
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her wav (Onentiring) decidedly better, as lias been already pointed out. 
The excentric fixation had remained just the same. Iridectomy was 
performed on the left side a bttlclat«r, not with the least ide-a of resto- 
ring vision, but simply on account of the other glaucomatous symp- 
toms; a rather considerable effusion of blood into the anterior 
chamber having been reabsorbed, we found a little increase of the 
quantitative perception of light, besides clearing of the vitreous 
body with the exception of some floating opacities, clearing of tJie 
aqueous bumour, diminution of the tenseness of the globe and of 
the pupillary dilatation. According to a re]>ort (medical) received 
three months later, the vision has remained the same. 

R^siim^. — Chronic glaucoma of more than a year's duration, with 
advanced excavation of the optic nerve, and a visual field in the 
form of a slit, excentric outwards. After iridectflmy, retrogression 
of the glaucomatous symptoms, distinct increase in the visual 
acuteness, considerable extension of the visual field, but continuance 
of excentric fixation (present duralion, three months). 



5, Iridectomy vt AmaitrosU mii excaEaliott of the optic nerve. 

Since I have assigned another cause than glaucoma as an expla- 
nation of the cases belonging to this group, it may appear strange 
that I have still tried iridectomy also in it. There were two reasons 
that induced me, In the first place, I expected to find in the com- 
parison of tlie curative effects, arguments for the correctness or in- 
correctness of my nosological views, and besides, even the view of a 
positive lesion of the optic nerve would not prove the powerless- 
ness of a certain action of iridectomy. Such a striking, direct effect, 
as, e.ff. in acute glaucoma, could, of course, never be expected from 
a pressure-diminishing process, when the optic nerve is primarily dis- 
eased. Theoptic nerveis, however,constantly exposed to the pressure 
of the contents of the globe, and tliis pressure might possibly have some 
influence on the development of a lesion of it, through limiting the 
change of tissue, or in some olher and unknown way ; it might 
render the disease constantly progressive, fcc. It might then, per- 
hopa, be of use to diminish the pressure to less than its normal 
amount. If we suppose (to remain w'itliin the bounds of tliese sup- 
positions) the substance of the optic nerve softened through any in- 
ternal process, the papilla will then yield in an abnormal manner 
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to the nnrnial pressure, and even if the primar}- affection is in itself 
susceptible of cure, still the protruded form of the papilla, and the 
mechanical and trophic alterations which are connected with it, 
might impede the restoration of its functions. 

I should certainly have left unmentioned these hj-potheses, which 
at the time far surpassed the facta, had they not induced trials of 
iridectomy in primary excavation of the optic papilla, and that 
I Mish fully to explain the motives wliich led to this course. 
I can comprise the results of my essays in the statement, (hat 
I never observed any special curative action of iridectomy in 
amaurosis with excavation of the optic nerve, and that I never saw 
an improvement in the visual acuteness or extension of the field of 
vision, beyond the limits of possible variations and of errors of 
observation. The separation of this morbid group from glaucoma 
is in reality favoured by the effects of the treatment,— a point of 
view not to be disregarded in so dark a branch of nosology. 

Another question is, whether a stationary condition is sometimes 
induced by iridectomy in cases of progressive amaurosis with ex- 
cavation, the diminution of intra-ocular pressnre allowing the 
spontaneous or therapeutical arrest of the lesion of the optic nerve. 
Witli reference to this, I am continuing my investigalioua, but 
believe it will require some years to arrive at any conclusion, since 
the spontaneous changes in amaurosis with excavation of the optic 
nerve are so slow, that there is often scarcely any alteration in 
periods of three to six months. In these cases, a stationary 
condition is sometimes apparently induced by other methods of 
treatment. Though this arrest occurs, indeed, without any prognoa- 
tical certainty, stiU it forma a distinction from the glaucomatous 
process, which constantly progresses, eitlier by starts or by a slow 
advance. Por the same reason the communication of reports of 
cases taken from this group, would be out of place. 

IX. — I have but few words to add about the operation itself. 
The object is to excise a piece of the iris by the same proceeding 
as is customary in forming an artificial pupil by means of iridectomy. 
The following points must be specially considered : 

I. The incisions must be situated as eccentrically as possible, so 
that the external wound may enter the sclerotic about half a line 
firom the cornea, and the internal one just at the junction of the 
two. It is possible, in this way, to remove the iris as far as its 
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ciliarj attaclimeut, and this aeema to he UBceesary for ; 
at all events it renders it more certain. Since also the iris 
occupies only a small space, owing to the existing mydriasis, any 
deviation of the inner wound from the corneal periphery will 
very considerably diminish the size of the excised piece. 

3. The excised piece must be as large as possible, and henw^ b 
broad hknce-shaped knife must be employed, or the ordinary one be 
introduced tolerably far. In ttiis the operation differs from that for 
the formation of an artificial pupil {e. g. in leucoraa adliairens), where, 
as every one knows, escisions of moderate extent are, for optical 
reasons, preferable to extensive ones. The more intense the symp- 
toms, the more marked tlie increase of pressure, the more extensive 
an excision should I advise. As to the place operated on, it is 
obvious that, in this case, it is unimportant. I usually make the 
excision at the inner side. If, with regard to personal appearance, 
we wish to be especially careful (which is usually unnecessary, 
owing to the age of the patient), we can excise at the upper part, 
although I really find the disSguremeut produced by a coloboma 
placed at the inuer side trifling, and in dark eyes unnoticeable. 
Excision above is besides inconvenient, and requires greater 
rotation of the bulb with the ophthalniostate ; tliis may readily 
injure the eye when the inflammation is acut*. 

3. The aqueous humour must be very cautiously evacuated, 
because a too sudden relaxation of pressure (in the present affec- 
tion) may cause extensive hiemorrhage into the internal membranes 
and cavities of the eye. In comparison with the ordinary irido- 
choroiditis with atrophy of the globe there is a factor — the 
relatively greater pressure — opposed, indeed, to such effusion of 
blood, even after escape of tlie aqueous humour. In fact, there 
seldom occur in glaucoma, effusions so extensive and so slowly 
absorbing, as in the cases mentioued. On the other hand, 
there is in the nature of the disease itself a great tendency 
to rupture of vessels; whether through direct participation of 
tlie vascular waUa, or entirely through the previous venous 
strangulation, I leave undecided. I have repeatedly mentioned 
the occurrence of retinal ecchymosis, and this alone should make 
us cautious. 

Even during the escape of the aqueous humour, I usually eiert 
slight pressure on the globe with the finger, and soon after the 
operation apply a compressing bandage, which ia cautiously slack- 
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ened in a few hours.' I have not found any other after-treatment 

necessary. Even when the operation was perforraeil at the time of 
most acute inflammation, thu inflnmrnatory symptoms spontaneously 
subsided ; an antiphlogistic treatment may, however, be exception- 
ally intlicttted under sueh circiimstances, to hasten the retrogression 
of symptoms of irritation. It is obvious that the eyes must be 
protected from the light for a longer period, and, in general, the 
ordinary precautions be more carefully observed than after the usual 
operation for artificial pupil. 

X. — The curative effect of a local treatment on the glaucomatous 
process, and the duration of the cures obtained, at least in certain 
coses, might directly lead to the conclusion that the whole affection 
is necessarily a purely local one, and that the supposition of others, 
and of myself formerly, as to a vascular affection forming the 
origin, is incorrect. I admit tliat this supposition is much shaken 
by the results of iridectomy, yet such an unconditional inference as 
the above must for the present be avoided. It may be readily 
imagined that by changes in the vessels, a definite anomaly of the 
circulation is induced, which, per »e, does not abolish the function 
af the internal parts of the eye, but only when a local factor is 
added to it. After the required change of the local circulation, the 
original cause might possibly continue, without producing the 
former effect. If we glance at therapeutics, we find that the cure 
very frequently depends on the removal of certain intermediate 
links which maintained the causal relation, and not in the removal 
of the causes. 

If we bring together once more, in regard to general medical 
practice, all the previous statement as to the action of iridectomy, it 
appears — 

1 , That the most certain result is obtained in those cases where 
one eye is threatened after the other has become blind. In such 
cases it will be the duty of the physician to submit the patient as 
soon as possible to careful medical observation by an oculist, and 
reciprocally it will be the duty of the latter to direct the careful at- 

' The best form of conipreMing bandage at present knovn la me, is a rather 
tliJck lajer of lint laid on Ihe closed ejelids, and lield on b; a fronlBl bandage 
of woollen material. Ttic degree of tigliluess is regulated bj a buckle 
placed at the side of the bead, and must, under all circnm stances, be agrcealilu 
to Ihe patieot. 
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tention of tbe ordinair medical attendant to those eymptoms wliicli 
appear to show the necessity of operative treatment. 

2. When the glaucomatous process has once act in, the reenUa 
nre in general the more favorable and permanent, the earlier the 
operation is performed- In the very acute cases which immediatelr 
annihilate vision, iridt-ctomy must, if possible, be perfonned during 
the first few davs of the disease. Early performance is of the 
utmost importance, and since the trausport of the patient at this 
time, even when external means are at hand, is very difBcult, it 
is desirable that every practitioner, especially in the country-, and in 
small towns, where opththalmolofn' is not practised aa a specialty, 
should make himself conversant with the sAicptomatology of acute 
glaucoma on the one hand, aud with the method of performing 
iridectomy on the other. I think that the latter is still easier than 
the former, and even good assistance is less requisite in iridectomy 
tlian in many surgical operations, e.g. tracheotomy, which every 
practitioner must perform under the most unfavorable conditions 
when the indications are urgent. Iridectomy thus differs from other 
ophthalmic operations, the performance of which has remained in the 
hands of a relatively small number of practitioners, owing to the 
indications being so rarely urgent. As science advances, so also 
must the demands made of practitioners necessarily be correspond- 
ingly changed. A glaucomatous eye might formerly be considered 
incurable from the moment when the diagnosis was settled, and pro- 
vided only that such injurious influences aa were known to hasten 
the process were averted, it was comparatively unimportant whether 
this or that medical treatment were decided on somewhat earlier or 
later. A physician had never to reproach himself for such advances 
of the disease. Unless we are much mistaken, matters have now 
changed, and an eye which has become blind from acute glaucoma 
will excite the suspicion of neglect, just as much as closure of 
the pupil after simple iritis, a badly cured fracture, &c. I am 
obliged expressly to note this, for — 

3. It lias appeared that iridectomy is not, perhaps, a fitting treat- 
ment for all stages, but that its effect,^ at a later period, at all events 
' 1 particular cases, are uncertiiiu, or do not ensue. It is painful to 
see how many of the incurably blind make distant journeys with 
the idea of their disease being still curable, although the time for 
assistance has long passed. To spare our medical brethren and 
ourselves much fruitless regret, we may urge that all glaucomatous 
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(iaara which have long beeu perfcclly blind, should, if possible, 
receive advice at home, and that only moderate hopes should be 
given to the long diseased, who have hut little sight and a narrow 
field of vision. 

However much I have attempted, during the past year, the 
determination of the facta relating to the cure of glaucoma, I am 
quite aware of the incompleteness of the results, even in a purely 
empirical point of view. The number of trials canuut he too 
great, the effects cannot be followed for too long a period, the 
observation itself cannot be too esact and conscientious ; the further 
I advance in my investigations the more 1 am convinced how much 
remains to be done, and how insufficient is the experience of one 
mail. The theory of the treatment is as yet infinitely darker than 
the empirical facta. The idea of diminishing the intra-ocular 
pressure led me to adopt it. In this way, and in following out 
these views, a result seems to have been obtained, but at the same 
time no positive proof is afforded of the correctness of the expla- 
nation. The action of iridectomy may perhaps he highly compound. 
Diminution of the secreting (iris) surface certainly accounts for a 
lessening in the quantity of fluid, yet there is no experimental 
proof OS to how much less aqueous humour is secreted, and 
whether this deficiency iu its amount can explain a striking change 
of the intra-ocular pressure. The muscular co-operation of the iris 
with the tensor choroidete, to the study of which I have been 
principally led by the new theory of accommodation, would in some 
degree explain how the excision of a piece of the iris might produce 
diminution of intra-ocular pressure by means of the muscles, by a 
relaxation of the tensor choroidcie. The continuance of accom- 
modation in coloboma does not indeed favour this view; the 
conditions, however, are here essentially different. Perhaps the 
interference with the iris acis at iirst entirely ou the choroidal 
circulation, and the therapeutical diminution of pressure is only 
secondary. That iridectomy in glaucoma has a powerful influence 
on the ocular circulation is at once shown by the occurrence of 
ecchymoses. Were the analysis of all these points more advanced, 
and a more correct explanation given, perhaps Ihe treatment itself 
would be still better directed and adapted to the cases ; it is very 
conceivable that, in certain cases, CKcision in the ordinary way ia 
not sufficient, but that success may be obtained by the removal of 
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larger pieces of the iris. I have already {sub IX) communicated 
my experience, that the excised piece of iris should be larger in 
proportion as the case is worse. 

To conclude, the whole subject of glaucoma is open to the most 
various investigations. After the great change produced by the first 
ophthalmoscopic examinations in the views about glaucoma, I con- 
sidered the necessity for analysis indisputable. The difBculties 
which I found will indeed have become known to any unprejudiced 
reader of these pages. I hope that I may have assisted somewhat 
in solving the question, and that some one with greater powers will 
soon bring the diiBcult task to a more happy conclusion. 
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Another year has passed since I wrote my essay on Iridectomy 
in Qlancoma for the third volume of the 'Archiv/ I have had 
many fresh cases^ and I have operated on them at most different 
periods of the disease. So far as was possible I have kept in view 
all the cases on which I had previously operated, for although the 
immediate improvement was clear enough, there was yet the possi- 
bility of its not being permanent. To my own observations have 
also been added those of many of my colleagues. And now, when 
I have again to consider critically the question of treatment, I can 
at once and with pleasure declare, that I have not the least to 
retract of what I formerly advanced in favour of iridectomy. 
Some of the cases, indeed, have ultimately been more favorable than 
I had expected. For the sake of more ready comprehension, I 
shall append these remarks to the groups of diseases and reports of 
cases in the same order as they appeared in the previous memoir. 

I. — ^I cannot too strongly recommend the operation in the pre- 
1 From the 'Arch, fur Ophthalm./ B. iv, Abth. 2, S. 127, Berlin, 1858. 
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moiiiton' stage^ when the other eye has become blind from the 
same affection. Wilhelm Hoffler (Case i), the example given of 
this group in my pre^noos treatise^ continues to visit my clinic at 
long inten'als ; the sight of the left eye, which was operated on in 
the premonitory stage, is perfectly good ; with it he reads No. i of 
Jager's specimens of print, though with a little di£Scultj, No. % 
fluently ; the extent of the field of vision is normal, and the excen- 
tric vision is in every direction satisfactory. The range of aocom- 
modation is ver\' good. Careless of his eyes, he is occupied as a man- 
milUner, and since the operation has not perceived the least wpaptam 
of disease. I have had occasion to operate from ten to twelve times 
in this stage, after glaucoma had already caused blindness in the 
other eye ; constantly with the same good result as in Hdffler. Iri- 
dectomy is obviously most successful during this period; for the 
ultimate result is still more perfect, than when it is performed 
in the inflammatory stage, soon after the disease has broken out. 
Mobility of the pupil and a good range of acconmiodation have 
been recovered, and no retinal ecchymoses have been formed. 

The occurrence of these ecchymoses is probably dependent on the 
distension of the retinal veins and capillaries; and this, again^ ia 
caused by the escape of the venous blood being impeded, when the 
intra-ocular pressure has rapidly augmented. This hypenemia may 
be clearly shown by the ophthalmoscope in the venous trunks; as, 
occurring in the capillaries, it has been especially referred to in the 
microscopical reports of Bader (' Ophthalmic Hospital Beports,' No. 2, 
pp. 74 — 87). The so-called hsemorrliages e^r vacuo may be readily 
imagined to occur, when the pressure is suddenly diminished by the 
performance of iridectomy, whilst the vessels are in such a condition. 

Now though experience proves that such ecchymoses often retro- 
grade^, and that vision is perfectly restored, yet, on the other hand, 
1 have mc^t with cases of indistinct exceutric or peripheral vision 
when they were very extensive. This, indeed, makes no essential 
difTcrciice in the recovery, and yet they always indicate permanent 
HtruclunJ changes in the aflected portions of the internal layers of 
the rctiiui. 

In all the cases on which I operated during thejirsl sta^e of acute 
glaucoma, the improvement has remained fully at the extent de- 
hcribed, although most of these patients have pursued their previous 
employments. A review of my list of cases showed most distinctly, 
that the ultimate acuteness of vision very much depended on the 
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period at which the operation was performed. The moat decisive 
cases were those where the same individual had both eyes affected 
by simikr symptoms and antecedents, and where the operation was 
performed on both sideSj but at different periods, dating from the 
commence in ent of the attack. Thus, in two cases, where one eye 
was operated ou the first or second day after the beginning of in- 
flammation, and the other from the fourth to tlie seventh day, there 
was a notable difference in the two eyes a year after the operation. 
The one, on which the operation had been earliest performed, read 
No. I, and the excentijc vision was nonnal; the other, operated 
on at a later period, read from No. 3 to No. 5 ; and the circle of 
tolerably distinct exceutrical vision was diminished from a third to 
one half in diameter. The cases in my previous essay, in which botli 
eyes were operated upon (Maass, Case 4, and Felden, Case 5), cannot 
be adduced as proofs ; for although they favour tliis view, yet there 
was an original difference in the power of the two eyes, forbidding 
the drawing of any conclasioQ. The accommodation generally re- 
mained defecrive, especially when there were great and permanent 
changes in the iris. 

I can now support my former statement, that typical glaucoma of 
one eye has no sympathetic influence on the other, at least — not in 
a practical sense — by many additional cases, where, after perfect re- 
covery of one eye from the glaucomatous process, the other and 
previously healthy one has yet become di.^eased, and required the 
use of iridectomy, and by other cases, where the disease was cured 
in one eye, and yet the other, which had been previously suffering 
from chronic glaucoma, was attacked by acute glaucomatous inflam- 
mation. Of the latter class was the ease of IVau v. Bottcber (Case 7), 
which I mentioned in my previous essay. This patient had lost the 
sight of one eye from chronic glaucoma, and had a cataract in the 
other; the latter eye was attacked by acute glaucoma, and cured by 
iridectomy j vision was again restored by afterwards extracting the 
cataract. Nine montlis later, long after her return home, the blind 
eye was attacked by acute glaucomatous inflammation. Owing to 
tlie distance at which she resided, iridectomy was long delayed, and, 
according to accounts received from the surgeon in attendance, the 
eye which had been operated on, and which had recovered its power 
of vision, appeared to be sympathetically affected. Further observa- 
tion, however, showed, that this only referred to the external parts 
(lacfaiymatioQ — conjunctival irritation); and an examination after 
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tlie lerminBtion of tlie iuflftmmation showed no change whatever of 
the power of vision. 

The cases oq which I operated during the more admnteeti tlagt ^ 
acule glaucoma ultimately terminated very variously — a fact which 
has been pointed out in my former essay. I have, however, never 
seen perfect blindness ensue, provided the oppTBtion was performed 
before the visual field had become notably contracted. Even in the 
case of Madame Sack, of Vienna, which I then quoted as a recur- 
rence, vi^on seems to have arrived at a stationary condition. (Ac- 
cording to a medical report lately received, she recognises fingers at 
fifteen feet distance, with + 15 can read print No. 16, and the field of 
vision, measured at the distance of a foot, has a vertical diameter a foot 
long and a transverse of eleven inches.) flTienever the field of vision 
is much contracted, a cautious prognosis mast be given as to the per- 
manency of the cure ; and, indeed, according to the other symptoins, 
it must be considered more or less unfavorable. It is always much 
worse when tlie visual field is so contracted ad to resemble a slit, and 
especially if the point of fixation is already close to the margin. 
Notwithstanding that temporary improvements and intermissioiM 
of considerable duration often occur, I have found that in the mass 
of such cases vision gradually deteriorates again ; that the termina- 
tion is sometimes perfect bhndness, and often lass of central mion ; 
in the latter case, the siglit is, of course, ver)- indifferent, owing to the 
fixation being excentric. As an example, I will again quote the 
case of W. Uoffler, In this case, the left eye was operated on 
during the premonitory stage, and its vision has remained perfectly 
good. The right eye was operated on at a more advanced period, 
the field of vision having already contracted so as to resemble a slit. 
Now, after tlie lapse of a year and a quarter, he sees with tins eye, 
at bU events, infinitely better than before the operation ; he connta 
fingers correctly from eight to ten feet distance (previous to the 
operation, only at a foot distance, and inaccurately); the point of 
fixation has, however, again become excentric, and the field of 
vision has contracted towards it ; Itence he can oidy malte out worda 
of the largest print. The field of vision hm diminished about one 
fourth, and lienee is only three times as large as before the operation. 
The eye has remained m this state for from four to six months; so 
that I rather doubt its ever becoming quite blind. Even when the 
visual field is already much contracted, if the point of fixation be near 
its centre, the prognosis is relatively favorable. I have now watched 
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for a year and a half the course of some cases of this kind, and they 
liave not in the least deteriorated. The second example of this 
group. Case 8, given in the previous treatise, in which the visual 
field and optic nerve were still normal, cuntiuucs as much improved 
as ever. 

To determine the probability of improvement, not only the state 
of vision and of the optic nerve, but also any existing symptoms of 
pressnre or opacities of the refractive media, must be specially con- 
sidered. In proportion as the deterioration of vision is caused by 
the latter, the greatej improvement may be expected ; inversely, the 
more the loss of sight depends on changes in the optic nerve and 
retina, the less improvement can we expect. In the later stage of 
acute glaucoma the operation is still indicated, so long as there is 
any qualitative perception of light. 1 met with the first perfectly 
negative rpsults of iridectomy five weeks aftfr the commencement of 
glaucoma; for eight days, however, all quantitative perception of 
hght had been Inst. 

From a longer observation of cases operated on during this later 
period, I have generally found the excavation become gradually a 
little flatter. The retinal veins, which were at first gorged with 
blood, then became smaller than normal; at the same time, they 
sometimes retained a more tortuous course. The papilla became 
whiter, and its substance more opaque, although it never acquired tlie 
tendinous white appearance of cerebral amaurosis, but rather a dull 
waxy appearance. Of course, these changes have no connexion 
with those originally caused by glaucomatous pressure; they are 
symptoms of progressive secondary atrophy of the optic nerve. In 
general, I may repeat my former statement, that ulterior deteriora- 
tion of vision does not arise from recurrence of the glaucomatous 
process, but from progressive atrophy of the optic nerve, and that 
this appears inevitable, when the affection of the nerve has once 
attained a certain extent. 

The uncertainty of the result in the later stages of glaucoma, 
especially as regards duration, are so directly opposed to its com- 
pleteness and durability in the acute period, that the advice, to ope- 
rate immtdiatelg and without Aeittafton, cannot be too urgent. I 
must most decidedly reject the recommendation to try first para- 
centesis — advice which has been urged from mifoiuided ideai* of 
caution. Three years' extensive experience has taught me, that the 
results of paracentesis are, in the infinite majority of cases, tern- 
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porary only. It is true that, when methodically employed, it remoTes 
the acute character of the disease, and palliates the symptoms ; it does 
not, however, prevent gradual deterioration of vision. Within from 
three to four months, this was almost invariably found to be the 
case, on a careful examination of the field of vision. When with 
these results we compare those of iridectomy, there can be no rea- 
sonable cause for hesitation. By such trials of paracentesis, the time 
is lost for radical treatment ; for the degree of recovery essentially 
depends on the length of time the eye has been already affected, and 
not simply on the condition of the symptoms. Besides, we may 
reasonably fear that the repeated disturbances of the ocular drcula- 
tion — and every change of pressure must be considered as soch — 
mav render the case less amenable to a treatment, the value of which 
has been actually proved. My clinic presents a considerable number 
of cases where one eye has been treated by paracentesis in former 
years, the other by iridectomy. In other cases, where the treatment 
had commenced with paracentesis, iridectomy was ultimately per- 
formed on the same eye, owing to the deterioration of vision, and to 
our having become acquainted with its beneficial action. Only a 
glance at the fate of these different eyes is needed, to imduee tie 
abandonment of all other treatment in Glaucoma tkan ikai iff He 
immediate performance of Iridectomy, 

As to this treatment in chronic glaucoma, I have nothing parti- 
cular to add to my former remarks. It is indicated, so long as any 
considerable amount of vision remains, though in many cases nega- 
tive results, and in others only temporary ones, will be obtained. 
On reviewing my notes of cases (in which the accounts as to 
vision have been continued to as recent a period as possible, by 
means of reports from the physician or patient, when I could not 
myself observe them), I find a series of relatively favorable cases.^ 

' Ono of my oldest observatious od iridectomy in chronic glauooma was in a 
Hrrliii saddler (Tuckmanu), 68 years old, on whom I operated in 1853. As at 
that tiiiio 1 was entirely ignorant of tlie treatment of glaucoma by iridectomy, 
\ wan K^iidrd by other indications. Subacute glaucoma had rendered the 
pnlirnl'H loft ryu perfectly blind some jcars previously; the right was suffering 
uuili^r rliroiiio f(l<^u(^<>nia with great contraction of the field of vision, exceutrio 
iUalioit, Autl su liitio sight, that ho had some difficulty in counting fingers. 
AH or liP Imil bcrn fur a length of time in this condition under my care, iritis 
ftupf>|-vii|intl ; nmt nlthough tolerable dilatation had been caused by the glaucoma- 
ttiun nif^ottoii, tlm pupillnry margin formed extensive adhesions with the capsule. 
TiraluirHi by AUtiphh^gistioi. 10 far as the infirm condition of the patient 
wiiiihl nlluWi N»d by in^driatiua, having failed, and ciliary neurosis being veiy 
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Some of them ended in perfect blindness, with symptoms of pro- 
gressive atrophy of the optic nerve j and in others, after some 
improvement caused by the operation, vision deteriorated to a cer- 
tain point, at which it again became perfectly stationary. For 
example, the left eye of Madame Hoifmann (Case lo), belongs to 
the last group. In her, as already mentioned, there was a notable 
change for the worse three months after the operation, from tluit to 
the present time exactly the same state ; the ophthalmoscope sliows 
a moderately white optic papilla and contracted vessels. (The 
improvement in vision caused by the operation has not deteriorated 
in Cases 1 1 and 13, so far as the medical reports reach. The vision 
in Case 12, Carl Wagner, is const-antly diminishing.) I have ob- 
served some cases of chronic glaucoma in which the vision, as 
improved by the operation, has remained unchanged, even though 
fixation has been very excentrie. I have nothing fresh to add as 
to the points on which the prognosis more particularly depends; 
indeed 1 much fear that it will remain to a pretty considerable extent 
uncertain, for the point on which the decision specially depends, 
the condition of the optic nerve (and of the retina), cannot in all 
probability be accurately determined after it has once undergone 
organic change. 

II. — To the theory, I beheve I am now in a condition to make a 
very important addition, to the effect that in proper cases the 
papilla of the optic nerve may be shown to become shallower soon 
after the operation, or, in other words, that the excavation becomes 
diminished. As was mentioned in my former work, I had at that 
time failed in showing such a change, notwithstanding my utmost 
efforts. Fully to demonstrate it, we must select one particular 
group of cases, that where acute symptoms have supervened on 

trottbleaome, I punctured the eje, and ultimitelj performed irideetortij. Be. 
sides tlie rcmovBl of Ibe inflammatoiy symptoms, I waa struck by tlie improTe- 
neat in visiDn, and lliis could not be Recounted foi by tlie cure of tiie 
inflatnniatioo, for be saw considerably better than previously to ita occnrreucc ; 
be now recognised fingers at a distance of two to tbree feet. At llie 
present moment, after ■ lapse of five years, tbe vision remains exactly tlie 
same ; left to Limself be moves about iritli difficulty ; the field of vision, com- 
pared with tbat recorded in my notes, lias, if anytbing, increased. Instead of 
calling it, as formerly, "cbronic glaucoma operated on for secondary iritis," I 
ahould now simply say, "acute supervening on chronic glaucoma, and bcQCe 
treated by iridectomy." 
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previous chronic glaucoma. We cannot employ very recent cases 
of acut« glaucoma, for in them the excavation is not yet formed. 
Tt ia gradually developed in the later stages of acute glaucoma, and 
is accompanied by displacement and atrophy of the bundles of fibres, 
as deacribedby H. Miiller; it is obvious, from the material changies, 
that such a nerve can never again return to its normal form, even 
when the mecliauical canses of the alteration have been removed. 
The adhesion of the displaced retiual vessels to the sides of the 
caviU' would oppose any auch retrograde process. An exca- 
vation of the optic nerve arises, or an inconsiderable cavity becomes 
a large one, most rapidly, when the so-called glancomatous choroi- 
ditis suddenly attacks an eye, which has been for some time suf- 
fering under chronic glaucoma attended by deterioration of vision 
and increase of pressure to a moderate extent. In such a case the 
papilla presents much less resistance, owing to the previous chronic 
disease, and hence yields more rapidly and to a greater extent to the 
increased pressure. If the operation is performed during this 
period, some days after the occurrence of an acute attack, or some 
weeks after the first subacute symptoms (dilatation of the pupil and 
diffuse opacity of the refractive media), we may most distinctly per- 
ceive the retrogression of the papilla. In this way I saw deep 
cavities change within a week into flat, basin-like depressions, the 
ends of vessels wliich had been much displaced at the edge of the 
cavity meet at an obtuse angle, and slight bends in them become 
perfectly straight. For the attainment of perfect certainty, the 
appearance of the pu])illa and the vessels chould be carefully sketched 
before the operation, and this drawing should be afterwards used 
occasionally for the sake of comparison. 

The fact that the papilla becomes flatter immediately after 
iridectomy seems to me of great importance, for it most decidedly 
proves that the excavation of the optic nerve depends on an 
increase of pressure. There can be no other connexion than this 
between tlie excision of a piece of iris and the form of the papilla. 
It ia very satisfactory to find our theory so confirmed by the dimi- 
nution of the excavation coinciding with that of the other symptoms 
of pressure ; the absence of this proof in former days had dwaya 
caused a feeling of uncertainty ("Comp. Arch, fiir Ophthal.,' Bd. 
iii, 3, p. 529). It ia clear tliat we caunot at all times and in all 
cases expect the papilla to re-approach its normal 8tat« any more 
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than, when the changes in the ciliary nerves from pressure have once 
exceeded a certain degree, we can expect recovery from the corneal 
aiireslheaia and paralysis of the iris. 

Another proof of my theory is the condition of increased refrac- 
tion, which may be readily perceived in some cases after the opera- 
tion. Decisive cases are, however, very rare, for it is difficult to 
obtain optometrical results previous to the operation, owing to the 
state of vision. Yet I luive many times observed that a difference 
in this respect, which had previously existed between the glauco- 
matous and the healthy eye, could no longer be perceived after the 
performance of iridectomy. I shall not attempt any statistics, only 
mentioning that two cases, on which I operated during last session, 
saw with a convex glass ( + 6) large print many inches further off 
before the operation than after, although the vision had been 
rendered very much better by the treatment. This can only be 
explained by such an approximation of the point of distant vision. 
It is very probable that the presbyopia, which occurs even iu the 
premonitory stage, and which often rapidly increases during the 
course of the affection, is caused by flattening of the cornea ; and 
that its diminution proceeds from an increased curvature of the 
same part. Dr. Liebreich has found, on measuring some of my 
glaucomatous cases with the ophthalmometer of Helmholtz, that 
they favour this view. Tliese experiments will be published so 
soon as a sufficient number of decisive cases has been collected. 

I'inally, I believe that my view has found a firm support in the 
recent pathologi co-anatomical examinations of excavated optic 
nerves, and especially through the researches of H. Miiller (see his 
essay on this subject). The formation of ectasiBe in the equatorial 
regions of the bulb in the lat^r stages of the disease is so entirely 
analogous to excavation of the optic nerve, that any unprejudiced 
person must perceive that they are both caused by increase of the 
intra-ocular pressure. I have found from the examination of some 
extirpated eyes, that it is at this period that the excavation is espe- 
cially liable to become increased. 

Dr. Biider ('Opblh. Hosp. Beports,' No. 3, p. 74-88} describes, 
in three cases, which from their symptoms must be considered 
decidedly glaucomatous, a peculiar degeneration of the retina, 
and he seems to infer that it is this retinal degeneration that 
forms the origin of the disease. The essay is a very excellent one, 
and no objection can be made to the facts addneed ; as to the 
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of the dixaK, borcrer, tti ditiical hiatary is, to 
nqr o|niaB, man bmnbk to the view that the dc^eocntMa 
(atrophy «r tnosfonnatioB of tbe inner liTcn of tlw tctimi into a 
gnqr, anarpho-gnnihr sobstsnoe} b entirdT ■ secondftrr efasogc, 
and. in bet, iepeaiait oo excaralioD of tbc optic nerre. Atmpl^ 
of the fibres, which are displaced in ibe Fxi!«fation, most bare a 
aimSar tfett on the retina to that caused bv diriaioD of the q 
nerve. The great disi^iaioii of the retiiul capOlazies i 
alao, in mj opnuon, caawd bj the escape of the venous blood | 
impeded throi^ the increased ^nseon. Tbos maj be e 
tbe oecarrenee of retinal eccbfinodes, Then tbe pressure is dimi- 
Diahed (see abore). It seems to me improbable that the destroction 
of the inner retinal Urers coold be induced by tbe {wessnie of the 
distended capillaries. I think that mv opinion is EsToored br tbe 
fact, that the organic changes cease at the lamina cribrosa, exactljr 
where the intra-ocular prtssore can no longer act. 

Admitting that tncrmed pressure is sufficient to account for tbe 
whole of Ibe svmptoms presented by the optic nerve and retina, 
we meet again with the question, from wh«ice does thb pressure 
proceed? Notwithstanding the apparently negative results fur- 
nished by examination of the choroid and ciliary body, I adhere 
to my former view (1. c, p. 477.481), that they are the source of 
tt hyper-secretion of fluid. Heuce it is by no means necessarv 
that marked oi^;anic changes should occur. We must not foi^rt 
that the pigment-cells become rounded (Bader), and that in some 
cases there is an increased growth of stroma-cells. In cases of 
iritis serosa, where the iris was undoubtedly the source of the affec- 
lion, there was often nothing more found in pieces of the iris which 
had been excised (Junge). Finally, it desenes consideration, that 
acute glaucoma may occur when the retina is almost entirely de- 
slroyfd. I have seen some cases where, after the continuance 
of chronic glaucoma for many years, the retinal vessels had become 
riitremrly coiilractcd, the papilla whitish and excavated, perception 
of light long an<l entirely Inst, and yet acute glaucoma in its 
typical fiirni, and with enormous increase of intra-ocolor pressure, 
supervened. Aflir the inflammation had terminated, I found the 
trnnVs of the retinal veins diiilcnded in eomparitan with their 
former rtnte, but yt>i for ftitm pi]«iftl to their normal condition, the 
artorie* hftnlly pvTCf|itibl«. I h«>p seen one casR, where glaacoma 
ocenrred in »n »ye thirh hatt Iwii l«l4t hlind from cerebral 
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ind where the retina was much atrophied. Everythiiig 
seems to me to militate for the view that the retina is originatly 
passive in these inflammatory attacks, that the veins are distended 
owing to the escape of their blood being impeded, Sc. 

III. — I still hold the opioion promulgated in my former essay, that 
the affection of the optic nerve is by itself insufficient to characterise 
glaucoma. It seems to me that the following points require consi- 
deration. 

I. There are some cases in which the form of the papilla 
is perfectly identical with that of glaucoma, and yet the sjTnjJ- 
toms and course of the disease are extremely different, so that 
it is necessary to separate them nosologically, and will continue 
to be so, unless future investigations should possibly show them 
to be more nearly allied. The formation of a nosological class, 
which I have named " amaurosis with excavation of the optic nerve," 
is the actual result of this necessity. 

2. Should we be determined to make the diagnosis depend on the 
existence of excavation of the optic nerve, we should be unable to re- 
cognise the disease at the time when treatment has the most beneficial 
effect, it being admitted that there is no excavation in the early stage 
of glaucoma, but that it is only formed during the course of the 
disease. It may not be possible to examine the back of the eye, 
owing to accidental or consecutive diseases, such as iritis with 
opacity of the pupil, cataract, cloudiness of the vitreous body, 
&c. : in these cases we require some other point on which our 
decision may rest, and yet we have no occasion to give up the 
hope of diagnosing the case. 

3. I consider the only characteristic to be the complex group of 
pressure-symptoms, of which I gave an analysis in my former 
essay. If our delineations of disease are to sen-e any practical pur- 
pose, we cannot admit excavation of the optic nerve, nor any other 
single symptom of pressure, paralysis of the iris, insensibility of 
the cornea, &c., as pathognomonic ; on the contrary, these symptoms 
must occur sufficiently in combination. It is true that in certain 
cases we may fail in discovering any particular symptom, and that, 
in other cases, the perfect development of all the symptoms may be 
of more value in showing their mutual connexion than in deter- 
mining the diagnosis. Thus, if the pupil is dilated, the iris 
atrophied, the cornea insensible, the bulb hard, and cataract formed, 
we coQclude there is also glaucomatous excavation of the optic 
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rc, although we are unable to prove it by means of the opbthal- 
Thc usual s}inptom9 of a paralysed iris cannot occur 
when from old iritis the pupil is contracted, and adhesions have 
been formed with the capsule; yet this will not prevent hb from 
considering the disease to be glaacomatou», if the rest of the 
symptoms are present. 

4. Our present conception of glaucomatous disease, however, 
extends beyond the limits of the type of what ased to be so 
designated. Tlic expansion of our ideas of a disease is justifiable, 
in my opinion, when it springs from a careful consideration of 
nature, and b not opposed to practical agreement. Should the 
latter be feared, the name of typical glaucoma, or of glaucoma- 
tous choroiditis, may be retained for the well-known group of 
symptoms ; all the ulfections which resemble tliat form of disease, 
by being accompanied by increased pressure and resctiun on the 
optic nerve, yet which have a different origin, may be denomi- 
nated, with the addition of the more special name, diseases with a 
glaucomatous habitus, glaucomatous tendency, glaucomatous termi- 
nation, or, in short, " glancomatons diseases." I do not hesitate, 
even at the danger of appearing to many indefinite, to speak of aa 
iritis, as being " i rid -choroiditis of glaucomatous character" — to 
add to the designntion of a traumatic cataract, " with a tendency to 
gIaucomal<jii3 bbndness, &c." I do not hesitate at this, because I con- 
sider a pathogenetic method of view of greater importance, and more 
pregnant in results, than a diagnostic dogmatism. Transitional 
forms and intermediate links occur, just as in every other part of 
a pathology that is tme to nature; this should not prevent us 
from clearly conceiving the type of disease, and from raising our- 
selves from this fixed point of view to a conception true to nature, 
and yet as simple as possible. I shall now proceed to explain 
these views more exactly, as to the relation of glaucoma to otiier 
morbid processes, and the passage of other affections into glaucoma. 

IV. — If the essence of glaucomatous disease depend on an increase 
in the intra-ociilar pressure, we may expect that not only internal 
but also external causes may excite it, and that we may he able 
experimentally to educe and to cure it. Such is really the case. 
The reader may imagine that I refer to experiments on animals ; to 
these, however, it is unnecessary to have recourse. Experiraeuts 
enough have been abeady made on man by many an operator, un- 
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consciously and to his sorrow. ITiese are related in the liiatory of 
eo/aract-operationt, especially those by discision, and in the whole sub- 
ject oftratimalic cataract. Experience has definitely settled that blind- 
ness may be induced during the process of absorption, when accom- 
panied by excessive imbibition of the lens ; there are, however, many 
different ways in which this may occur. Sometimes the swollen 
lensj by its contact with the iris and the ends of the ciliary pro- 
cesses, excites iritis or irido-cyclitis, with plastic or purulent exuda- 
tion. The eye may be perfectly destroyed by this process, exudative 
membranes behind the iris may completely prevent the passage of 
light, effusions into the vitreous body may, by their contraction, 
separate the retina from the choroid — all this happens in a series of 
cases, where bbnduess is caused by the progress of an inflammatory 
affection, with permanent structural changes of the internal mem- 
branes. And now w^ meet with another termination, which has 
not been sufficiently noticed, though of frequent occurrence, and 
which we have every reason for calling traumatic glaucoma. During 
the swelling of the lens the globe becomes very hard, any corneal 
cicatrices from womuls or other causes become prominent, the 
cornea even insensible, the anterior chamber flatter, the iria dis- 
coloured, not, however, by inflammatory hypenemia, but by assum- 
ing a dirty sallow appearance, and we notice a tendency to dilatation 
of the pupil, especially in places where there are no posterior synechite, 
80 that no one conversant with the subject can fail to recognise a 
certain degree of paralysis of the iris. If an examination of 
the iield of vision is not prevented by the dissipation of the light, it 
is found to be already laterally contracted, whilst the central vision 
is still, perhaps, satisfactory. If the light is dissipated to a greater 
extent, though not completely, by the swollen lens, we should 
always suspect contraction of the visiuJ field, or at any rate indis- 
tinctness of excenfric vision, when a light moved here and there 
before the eye is not exactly fixed, and its direction is discovered 
slowly or not at all. If, under liiese circumstances, we do not 
interfere, the result will usually be, when the lens is completely 
absorbed, that the pupil is faultless, and yet (here is little or no 
sight. The symptoms of irritation which previously exist'-d to 
a greater or less ext^mt retrograde, and the original condition is 
only betrayed by a certain discoloration and paralysis of the iris, 
results which are often only slightly developed. It is usually sup- 
posed that this blindness is caused by the protracted choroidal 
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irritation or choroiditis, efftisious iiito the interior of ihe cje, 
seiiurations of the retina, and so on. Tlie ophthalmoscope, how- 
ever, shows no trace of such affections in these cases. Ou the 
other hand, it does show excavation of the optic nerve. The pro- 
cess has been thia : from the irritation caused hj the swollen lena 
a stale of uiternal congestion was caused, hypcr-secretion of fluid into 
the vitreous body, increase of the lutra-ocular pressure, which has 
continued for some time, and which has caused excavation by its action 
on the surfuce of the papilla of the optic nerve. If, at a certain 
stage of these phenomena, we employ Unear extraction when the 
awolleu lens is sufficiently softened, or iridectomy in the opposite 
case, we find that the threatening symptoms recede just as in the 
acute period of glaucoma; if, however, they have existed for some 
time, and attained to a moderate degree, there often remain con- 
traction of the visual field and a certain amount of change in tJie 
optic nerve, as in the later stages of glaucoma. I have seen every 
stage of this process in cases of cataract, to a slight, extent in 
those of discision, to a greater in the traumatic, and hence have 
deduced my views of treatment for such cases. I perform iridectomy 
for exactly the same reasons as in glaucoma, and cautiously avoid 
interfering with the swollen lens when I am not certain that I can 
entirely remove it, or at all events its nuclear portion. When the 
lens is so swollen as to educe such symptoms, it is generally 
in young persons so soft as to allow its escape by a linear incision. 
In adult or advanced life, however, the case is different ; the cortei 
may be so much softened as to cause danger at a time when the 
nucleus is yet hard. Tlie proper treatment of the former is linear 
incision, of the latter iridectomy. In some cases it is advisable to 
combine the two. The same symptoms may occur after the operation 
for reclination. Cases of blindness after thia operation depend only to 
a certain extent on permanent organic changes caused hy inflamma- 
tion, separation of the retina, &c. In a large number of cases the eye 
assumes a glaucomatous habitus by exactly the same process, that we 
have just described. Functional examination shows contractiou 
of the field of vision, and ultimately there is only exceutrical vision ; 
the ophthalmoscope shows the characteristic alteration in the optic 
nerve. Keedle -operators were well acquainted with this when they said 
in their way, " Gout has supervened, gouty ophthabnia has been deve- 
loped," &c. It is not unfrequent for blindness to ensue after rechna- 
tion with extreme slowness, and this form is also very often caused 
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by Iiyper- secret! on of the vitreous 0iiid, and iucreasc of the intra- 
ocular pressure being excited by the irritation of the depressed 
lens. The result is an amaurosis, with contraction of the field of 
vision, similar to that occurring in the very rhronic cases of 
glaucoma, which are attended by few external symptoms. 

Tlie inflammations which are catised by the passage of a foreign 
body into the interior of the eye, of course, present very various 
appearances. In these cases, however, we meet with forms which 
induce blindness in the some way as glaucoma. The symptoms of 
increased pressure are cliaracteristic, and it is by its reaction on the 
opiic nerve, and not by oi^nic changes in the inner membranes, 
that vision is destroyed. It may be readily conceived how a foreign 
body may induce, by its presence, hyper-secretion of fluids, and yet 
not cause any diffuse inflammation. 

Let us now glance at the cases of blindness after iritis. The fact 
has been sufficiently pointed out by myself and others, that cases of 
iritis, which have terminated in exclusion of the pupil, are followed, 
sooner or later, by constantly progrefsive amblyopia. On this rests, 
to a great estent, the necessity of iridectomy in such cases. I have, 
however, somewhat modified my views as to the explanation of these 
amblyopiffi since the time when I wrote my former essay on this 
subject. Even at that time I believed that the amount of pressure 
in the posterior portion of the globe was changed through the ex- 
clusion of the pupil ; I believed, however, that these changes in the 
pressure reacted on the choroidal circulation, excited effusions into 
the vitreous body, separations of the retina, &c., and that the blind- 
ness was specially caused by the latter changes. This course of the 
phenomena very possibly occurs in a large number of cases; but 
that it is not the only one, and perhaps not even the most common, 
I conclude from my more recent observations. Two years ago, the 
ease of an old woman engaged my attention, where the edge of the 
iris adhered to the capsule, and yet the pupil was sufficiently clear 
to allow a minute opbthalinoscopical examination of the background. 
She became amblyopic whilst under raj care; the visual field con- 
tracted laterally, and ultimately fixation became excentric. The 
globe, indeed, became decidedly hard, and the ophthalmoscope showed 
a moderate degree of excavation of the optic nerve ; yet, onnng to the 
refractive media remaining transparent, I could not clearly perceive 
how these phenomena were connected, and hence I supposed some 
accidental complication of the efiects of an iritis, and an amaurosis 
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with c.xcavaliou of the optic nerve. Soon nftcr that case, a maji, a^i) 
fgrtjf, aaae midcr mj care, who had one eye blind from irido-cho- 
roiditis aud equatorial ectasia:, and the otlier affected with chronic 
iritis. Aq Bxauiuatiou of the latter showed perfect exclusioa of the 
pupil ; the iris was already pualied forwards at various places by 
fluid exudation, which lay behind it ; there were some pigoientcd 
deposits towards the edge of the pupil, and yet the greater part of 
it was sufficiently free to allow tlic use of the ophthalmoscope. For 
some weelcs the acuteuess of risiou had been r&pidly diminishing, 
without the occurrence of any fresh iufkuunation, so that now he 
could only decipher words of No. 20 ; excentrie ™ion was some- 
what contracted in every direction, and the inner third of the visual 
held entirely wanting. The globe was very hard, and the ophthalmo- 
scope distinctly showed an excavation of the optic nene in process 
of formation ; the vitreous humour was not clouded. The ambly- 
opia clearly depended ou the lesion of the optic nerve. From this 
case 1 at once jwrceived that it was very probable that the ambly- 
opite following exclustou of the pupil are not unfreijuentlj produced 
in this wny, the contraction of the visual field not directly depending 
on destruction or separation of the retina, but on the disease of the 
optic nerve. Since that time I have observed a number of cases, and 
latterly examined some extirpated eyes, that seem to prove tliat such ia 
the fact. I do not consider that the collection of serous exudatiou 
behind the iris is a direct explanation of the increased pressure, 
though it must assist in producing it ; clinical facts render it 
probable that there must also always be hyper-secietion of vitreous 
fluid, and that this is the chief cause of the increased pressure. 
The resistance presented by the sclerotic must certainly play an im- 
portant part in these processes; its firm resistance must fiivour the 
occurrence of increased pressure, and its ready yielding render it more 
difficult. This is the reason why we find these sccoudacy alfectioiia 
follow iritis MitU pupillary exclusion far more rapidly in the old 
than in the young — a fact which is equally true in respect to the 
cases already mentioned of discision and traumatic cataract. The 
eyes which have been extremely tense for a time, generally become 
atrophied at a later period, and, since this is a permanent stage, are 
most often presented to our notice in tliis condition; tliis circum- 
stance renders it difficult to prove, that the amblyopia secondary to 
iritis is often caused by an affection of the optic nen'e. The atrophy 
is certainly cnused in these cases hy secondary organic changes. 
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progressive atrophy of the choroid, &c. Hence the explanatiou of 
how iridectomy acts in caaes of exclosioa of the pupil requires change 
in various respects. The restored coinmuiiicatiou between tlie two 
chambers is, iiide4;d, tlie immediate elfect and cause of benefit ; iii 
the cases, however, to whicli we are now referring, secondary cho- 
roiditis is not direcUy allayed, but, as in glaucoma, the pressure 
ia diminished, and the optic nerve (and retina) preserved from 
danger. 

Our utmost attention is demanded by the transition of sclcrotieo- 
ehoroiditit ponierior into a glaucomatous form of disease. Vision 
is generally not much affected in this disease, so long as secondary 
affections, such as opacity of the vitreous body, separation of the 
retina, cataract, &c., are absent, or so long as the choroidal clianges do 
not extend to the region of the macula lutea. My attention has been 
lately, liowever, directed to another perfectly distinct and less fre- 
quent course. I found that lateral contraction of the field of vision 
and progressive deterioration of the sight occurred in old persons, 
who had been affected by gcUrectatia poiterior for an indefinite period. 
On further observation, 1 found that excavation of the optic nerve, 
and other symptoms of increased pressure, were developed in such 
cases. The excavation of the optic nerve is never ho strikingly and 
clearly marked in these cases as where there ia no posterior staphy- 
loma. This may be readily explained by the state of the parts ; for 
the sclerotic around the optic nerve is diseased, and hence its power 
of resistance approximating to tlmt of the entrance of the optic neire 
far more than in the normal eye, there cannot be formed by pressure 
a deep cavity in the papilla, but only a shallow depression, with a 
little displacement of the vessels at its margin. The principal dif- 
ference of this depression from a normal, but rather strongly marked 
concavity of the papilla (lieiur. Miiller) is, that it reaches to the 
periphery of the nerve, wliilst the natural one only occupies tlie 
more central portion, near where the vessels emerge. The appear- 
ances presented by such an optic nerve are very readily noticed, 
provided our attention lias once been called to the subject. In 
ordinary cases of acler ectasia jxateriar, the margin of the optic nerve 
is indistinct ; no difference appears between the space occupied by 
the papilla and the adjacent sclerotic, so that often wc are only able 
to distinguish them by supplying a continuation to the margin of 
the optic nerve, which still remains at the inner side, by the appear- 
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ancc of tlie vessels, or bv recogiiismg over the sclerotic the choroidal 
tissue in process of atrophy. In the cases just mentioned, howerer, 
the disc of the optic nerve agnin becomes distinct ia the centre or 
nt the side of ilic wliil* Jigure. This is wlmt first excites suspicion ; 
B more careful examination shows that the papilla is superficiallr 
excavated. Aa already mentioned, no considerable change in the 
vessels can be expected, but only a little displacement ; and for the 
same reason, the appearance of the papilla, which is characteristic of 
excavation of the optic nerve, exists here only to a moderate extent. 
The occurrence of a distinct excavation of the whole papilla in pos- 
terior staphyloma seems to me of the more pathological importance, 
because the normal flattening or depression of the papilla 
(iround the vessels, whenever it has previously existed, dtsappenrs 
more or less during the expansion of the posterior portion of the 
globe — a fact which I have often observed on comparing an eye acci- 
dentally affected by teltreclana po.tierior with the other and healthy 
one. It is probable that this is directly caused by thinning of the 
ndjncent choroid. During the formation of the excavation in selcree- 
tath poaterim; the globe, which had been previously soft, becomea 
tense, the pupil generally becomes a little dilated and rather slug- 
gish, though not perfectly motionless; the cornea also a little less 
sensitive. Tlie visual field is sometimes concentrically contracted, 
sometimes laterally, and we occasionally see the disease end in al- 
most total blindness. Any practitioner may succeed in soon finding 
for himself examples of this course. The eases in which it should 
be looked for are those of tclerodco-eiorouiilU pcn/erior, in persons 
who are more than fifty years old, with far-advanced amblyopia, but 
without disease of the vitreous body, separation of the retina, cata- 
ract, or perhaps even central scotoma, which is caused by the macula 
lutea becoming affected. It was interesting to me to renew my 
notes of cases taken previously to my becoming aware of this fact, 
I found many entries of this diagnosis : "stationary iclerotico-eharm- 
dit'ts pot/erior, with excessive loss of iHsion and lateral contraction 
of the visual field." The form of superficial excavation of the optic 
nerve had at that time escaped me. Since this course occurs almost 
exclusively in the old, and since there are no progressive choroidal 
changes connected with it, 1 consider it most probable that it is 
owing to senile changes in the sclerotic. It is clear that an increase 
of the tntra-DCulor pressure, with reaction on the optic nerve, may be 
induced, if the sclerotic commences to thicken and to lose its elas- 
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ticity in a case of large staiihylonia. AATiat has been asserted of 
scleroticO'ehoroidiiU poilerior equally applies to the whole group of 
dropsies of the eye. Excavation of the optic nerve occurs also in 
tcleralieo-chwoidilU anterior, with iclereeUiiia anterior, in cirsoph- 
tAalmus, &c., of a certain intensity ; entire loss of vision is generally 
caused by it and by the secondary atrophy of the inner layers of the 
retina, even when the ectasiie would otherft-ise be compatible with a 
tolerable activity of the retina. Tbis view is favoured by the exami- 
nation of extirpated eyes. When we examine the posterior section 
of a dropsical eye, where quantitative perception had been entirely 
lost, we generally find, on looking through the vitreous body, aa 
well-marked excavation of the optic papilla as ever occurs in glau- 
coma. The increased pressure, and its reaction on the optic nene, 
are of the utmost importance even in the earlier stages, and must be 
carefully considered in judging as to the condition. 

Finally, we have to mention a tolerably extensive class of diseases 
which may assume glaucomatous symptoms, the class of projeet'mg 
corneal cicatrices. Leucoma prominens, partial and total staphyloma, 
are, aa is known, often connected with total amaurosie, or such 
a deterioration of vision as is out of proportion with the optical con- 
dition ; hence, unless a very accurate examination has been made, 
the vision, after an operalion for artificial pupil, does not improve 
so much as is expected ; and there are found contraction of the field of 
vision, and even excentric fixation. This used to be attributed to the 
position, form, excentricity of the pupil — points which were often 
little or not at all concerned. Many observers (for example, Arlt) have 
carefully considered the question, what is the cause of weak sight 
or blindness in cases of prominent corneal cicatrices? Various 
authors, and especially the one just mentioned, have pointed out the 
change in pressure that occurs iu the interior of the eye in these 
cases. In confirmation, I myself, by means of the ophthalmoscope, 
have arrived at the conclusion that this defective vision or blindness 
depends ou excavation of the optic nerve caused by the pressure. I 
have been able to make out the excavated form of the optic nen'e, 
both in cases left to nature, where pupils had been accidentaUy 
formed by rupture of the iris, and in those of iridectomy, so that 
now I have no hesitation in concluding as to its presence in pro- 
jecting corneal cicatrices from the other symptoms presented by the 
eye, even when it is impossible to employ the ophthalmoscope. The 
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increasing hardness of the globe, the iris pressed towards the cornea, 
ita discoloration, the insensibility of tlie cornea, the congestion of 
the subconjunctival veins, are all most distinctly marked. Another 
smptom, very easy to understand, is the prominence of the corneal 
' cicatrix, after it has already become thickened. So long as the 
t^-xfure filling up the cavity of an ulceration is thin and soft., it will 
readily yield to even normal pressure, and hence protrusion at such 
a time by no means justifies the conclusion that tlie pressure is 
increased. But when the new-formed tissue has become thickened, 
BO as to afford the same or even greater resistance than the healthy 
cornea, we see the previous prominences approximate to the level 
of the adjacent parts, or even become depressed below them, pro- 
vided the pressure remains at its normal amount. This is sufficiently 
apparent from the history of prolapsus iridis after corneal ulcers, 
operations for cataract, &c. When, however, the pressure is in- 
creased, the prominence does not diminish as it becomes thickened ; 
on the contrary, the adjacent portion of the cornea, and even the 
Bclerotic, gradually participate in the change of form. Various 
reasons may be assigned for the increased pressure : ist, inilanuiia- 
tion of the iris adherent to the cornea; tliis may be caused by the 
irritation spreading from the portion of iris which ia lying in the 
corneal wound, or prolapsed through it, and which is invariably in- 
flamed ; it seems to be promoted by dragging of the iris, and 
especially by the e!ust«nce of a closed pupil. It is well known that 
a puncture through the accidental tissue and the iris in projecting 
corneal cicatrices or staphylomata will oft#n allow the escape of fluid 
exudation, and cure the inflammation for a time. A second and 
very common cause of increased pressure is a swollen, cataractous 
lens, irritating the iris and ends of the ciliary processes. This may 
excite a hyper-secretion of fluids. Every ocuEst knows that its 
removal is often the most important point in the treatment of true 
staphyloma; the prominence of even partial cnmeal cicatrices is 
often kept up in a similar way. Indeed, I beliei-e that simple 
pressure forwards and oblique position of a perfectly transparent 
lens may have the same action, even though the capsule is un- 
ruptured and no cataract is formed. The following case may serve 
as an example : 

A boy, set, ten years, had a partial staphyloma of his left eye ; 
the part that was especially prominent was situated towards the 
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temple, and ita diameter was about half that of the cornea ; it was, 
however, clear that the curvature of the entire cornea had undergone 
much change ; the pupil was displaced outwi^rds, its inner margin 
to a slight estent free. I performed iridectomy at the inner side; 
most perfect flattening of the prominence followed, and he became 
able to read print of moderate size ; jet so soon as fourteen days 
later sjTnptoms of internal irritation appeared, and the globe again 
became tense and hard; tlie staphyloma soon attained its former 
size. A few weeks later tlie central portion of the prominence was 
excised, and there ensued the same transitory cure as after iridectomy. 
After a few weeks I decided on a freer removal of the staphylomatous 
projection ; it was excised at its base, and now tbe perfectly trans- 
parent lens, lying in its capsule, presented itself, bo as to close the 
loss of substance in the front of the eye ; its external edge bad 
probably pressed to some extent against the pseudo-cornea ; at all 
events it was placed obliquely. I decided, tliough with some hesi- 
tation, on leaving the lens, partly because I thought its removal 
attended with danger, and portly because the other eye of my little 
patient being weak I considered it very important to save the vision 
of this eye as much as possible, A compressing bandage was applied, 
and cicatrization ensued without a single bad symptom ; yet the im- 
provement was of only a few weeks' duration, for then the projection 
again occurred, and at the same time the bulb became tense. Hence 
I was obliged to remove the transparent lens. The projection 
formed by tissue of new formation was again excised, the capsule 
opened, and the lens removed. The recover}- was now permanent, 
and the vision relatively good; from the hardness of the bulb, and 
from the decided manner in which the surrounding cornea was 
becoming affected, I am certain that otherwise he would sooner or 
later have become blind. 

Let the cause be what it may, I believe that the secretion of 
vitreous fluid is gradually augmented, and thus the pressure becomes 
greater; at all events, it is certain that choroiditis and permanent 
organic changes, separations of the retina, &c., are far more rarely 
found in the staphylomatous eyes of the blind than was formerly 
believed, and that the abolition of vision is generally caused by ex- 
cavation of the optic nerve. Atrophy of the globe is by far the most 
common result of these complications. The glaucomatous appear- 
ance which such eyes in time assume has besides been long known. 



380 GRAEFE ON GLAUCOMA, ETC. 

as well as the fact that prominence of the anterior hemisphere, 
together with hardness of the globe in projecting corneal cicatrices, 
is an almost certain indication of amaurosis. Little can be done 
for such cases in the way of treatment when the affection has run 
its course. It is, on the other hand, of infinite importance that 
symptoms of pressure during the formation and thickening of cor- 
neal cicatrices should be carefully watched. 

We have now pointed out a number of most different conditions, 
which may ultimately induce glaucomatous symptoms through increase 
of the intra-ocular pressure. These were — ^traumatic cataract, iritis, 
irido-choroiditis, posterior staphyloma, hydrophthalmise, and pro- 
jecting corneal cicatrices. When in speaking of these diseases we 
say that " they become glaucomatous,'' or " they threaten glauco- 
matous blindness,'' we mean, that through increased pressure, re- 
action on the optic papilla takes place in an analogous manner to 
what occurs in typical glaucoma. At the same time we mean that 
the only treatment from which relief can be expected is one that 
will diminish pressure. Without neglecting other means, such as 
mydriatics, paracentesis, or the removal of the swollen or displaced 
lens, we must still leave to iridectomy the first and most important 
place ; in it we may often put our trust when all other means fail. 
It is its efficiency in diminishing pressure, and not any special relation 
to some particular disease, that renders the operation valuable, or 
determines and justifies its employment. For treatment founded 
on pathogenesis there even yet remains abundant space. 



THE END. 
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